
%

CONTRACTORS ONLY

(CODE)

(CATEGORY)

Accession NO. 6S336-6h

Copy No. "_ _ _" SID 63-313

POLLO CO_4AND AND SERVICE MODULE

SYSTEM SPECIFICATION (BLOCK i)

i October 196&

NAS 9-150

Exhibit 1 Para. h.2

i

o o

Approved by

Apollo Program Manager

person Is prohiblte

@4

0

m

2

NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

(NASA-CR-116757) APOLLO COMMAND AND SERVICE

MODBLE SYSTEM SPECIFICITION /ELOCK 1/ (North

American Iviatiou, Inc.) 153 p

00/38

N79-76630

[Jnclas

11233



_ _L •



i/'

NORTH AMERICAN AVIATION, INC, I
_lb%('lC _[n(I I,_'I-'()I{%IATI()._, " .'-;_,."_T1,.'%1,'-_ l)lk I._,l(),'_

le

I.i

1.2

2_

2.1

2.1.1

2.1.2

2.1.3
2.2

2.2.1

2.2.2

2.2.3
2.3
2.A
2.5
2.5.1
2.6

2.7

.

3.1
3 .I.i

3.1.2

3.1.3

3 .l.A

3.1.5

3.2

3.2.1

3.2.2

3.2.3
3.2.A
3.2.5
3.2.6

3.2.7
3.2.8

3.2.9
3.2.10

3.2.11

3.2.12

3.2.13

TABLE OF CONTENTS

SCOPE

Scope

Objective

APPLICABLE DOCUMENTS

Specifications
NASA

Military
Contractor

Standards

Federal

Military
Contractor

Drawings
Bulletins

Other Publications

Military
Precedence

Effectivity

REQUIP_MENTS

General Requirements
Command and Service Module

Operational Concept
Command and Service Module Performance

Mission Performance

Launch Vehicle (LV) Performance Requirements

Command and Service Module System Design and
Performance Criteria

General Design Analysis Criteria
Structural Subsystem

Guidance and Navigation Subsystem (G&N)
Stabilization and Control Subsystem (SCS)

Service Propulsion Subsystem (SPS)

Reaction Control Subsystem (RCS)

Launch Escape Subsystem (LES)

Earth Recovery Subsystem (ERS)

Crew Subsystem
Environmental Control Subsystem (ECS)

Electrical Power Subsystem (EPS)

Communications Subsystem

Instrumentation Subsystem

.._ ,.-v "_-

Page

i

I

i

2

2

2

2

2

3
3
3
A

A
5
5

6
6
6

7
8
9

15
2A

2A
39

z4
z_
A6

A7
51
52
55
57
60
63

SID 63-313



NORTH AMERICAN AVIATION, INC.
/

_t'A(JE anti I N F( IIRNIATION SYSTEI',,,I_ DI",,'ISION

3.2.13

3.2.1_

3.2.15
3.2.16

3.2.17

3.2.18

3.3
3.3 .i

3.3.2
3.3.3

3.h

3.h.1

3 .h.2

3.5

3.5.1
3.6

3.6.1

3.6.2

3.7

3.7.1

3.7.2

3.7.3
3.8

3.9

3.9.1

3.9.2

3.9.3

3.9.&

3.9.5

3.9.6

3.9.7

3.9.8

3.9.9

3.9.10

3.9.11

3.9.12

3.9.13

3.9.1A

3.9.15

3.9.16

TABLE OF CONTENTS (Cont)

Instrumentation Subsystem
Displays and Controls (D&C)

Entry Monitor System

Sequential Events Control Subsystem

Pyrotechnic Subsystem and Devices

Service Module Propellant Dispersal Subsystem
Reliability Requirements

Mission Success Reliability

Crew Safet_ Reliability

Reliability Apportionment

Electromagnetic and Electrostatic Compatibility

CSM and GSE Equipments

CSM and GSE Subsystems

Interchangeability

Identification and Traceability
Ground Support Equipment (GSE)

GSE Concept

Support Requirements

Personnel Training

Subsystems Trainers

Apollo Part Task Trainer (APTT)

Apollo Mission Simulator

Manned Space Flight Control Conter (MSCC) and Manned

Space Flight Net (MSFN)

Materials, Parts, and Processes
Specifications and Standards

Choice of Standard Materials,

Nonstandard Parts, Materials,
Miniaturization

Flammable Materials

Toxic Materials

Unstable Materials

Fungus-Inert Materials
Metals

Lubricants

Special Tools

Hazard Proofing - Propellants and Gases
Fail Safe

Connectors

Ground Support Equipment

Nameplates and Product Markings

Parts, and Processes
and Processes

Page

63

63

6A

6h

6&

65

66

66

66

66

66

66

66

67

67
67

67

68
70
70

71

73

75

76

76

76

77

77

77

77

77

77

77

78

78

78

78

78

78

78

ii

SID 63-313



NORTH AMERICAN AVIATION, INC. .'-;PACI _] }lncl I,_FOI:INIATI()N ,'-4"Y_'I'I_;NI.'-4 1)]\'1."_1(),"% r

-7, .,

}-_,e

&.l

_.2

_.3

4.3 .I

•3.2

•3.3
_._

A.A.l

o

5.1

5.2

e

6.1

TABLE OF CONTENTS (Cont)

QUALITY ASSURANCE PROVISIONS

General Quality Assurance Program

Reliability Program
Test

Definitions

Ground Rules

S/C Development Test

Configuration Management Provisions

Change Control

PREPARATION FOR DELIVERY

Preservation, Packaging, and Packing

Handling

NOTES

Reference Axes

Page

79

79

79

79

79
80

82

82

82

83
83
83

83

83

iii

8
SID 63-313



NORTH AMERICAN AVIATION, INC. ! _'_P,_%(_]_ [Jill(| I N_:()RNIATI()N SY_TP_N|S I)I%'ISI()N

Figure

1

2

3
4
5

6
?
8

9
i0

ll

12

13
14
15
16

l?
18

19
20

21

22

23
24

25

26

27

28

29

3o

31

32

ILLUSTRATIONS

Saturn C-IB Configuration

Saturn V LOR Configuration

Saturn V Two-Stage Boost Trajectory- lO0 _ Orbit
Linear Load Distribution for _]ach Numbers 1.35 (Saturn V)

Gradient of Normal Force Coefficient and Center of

Pressure Versus _]ach Numbers (Saturn V)

Saturn V, S-IC, E1 Distribution

Saturn V, SSI, El Distribution

Saturn V, S-IC, KAG Distribution

Saturn V, S-!l, KAG Distribution

Saturn V, S-IC, Dry Weight Distribution

Saturn V, S-IC, Wet Weight Distribution

Saturn V, S-IC, Full Weight Distribution

Saturn V, S-II, DryWeight Distribution
Saturn V, S-II, Wet Weight Distribution
Wind Shear Profile

Relationship Between Established Gust Characteristics (Quasi

Square Wave Shape) and the Idealized Windspeec (Quasi Steady

State) Profile Envelope

Vibration Time History - Atmospheric Flight

Vibration LES - Atmospheric Flight

Vibration C_I- Atmospheric Flight
Vibration $7_ - Atmospheric Flight

Vibration SI]Adapter - Atmospheric Flight
Acoustics LES - Atmospheric Flight - Forward Area

Acoustics LES - Atmospheric Flight - Skirt Area

Acoustics C_I - Atmospheric Flight - Internal - Forward
Xal060

Acoustics CII - Atmospheric Flight - External - Forward
XalO60

Acoustics Ci_ - Atmospheric Flight - Internal - Aft
Xal060

Acoustics Ci - Atmospheric Flight - External - Aft
XalO60

Acoustics C - Atmospheric Flight - Crew Compartment
Acoustics _ - Atmospheric Flight - Internal - Forward

Xa910

Acoustics SI[ - Atmospheric Flight - External - Forward

Xa910

Acoustics Si/IICS Engine & Panel - Atmospheric Flight

Acoustics S!I - Atmospheric Flight - Internal Xa910
to Xa838

Page

_4
85
86
8?
88

89

90

91

92

93

94

95
96

97

98

99

i00

I01

102

103

104

105
106

107

108

109

IiO

iii

112

ll3

114

115

iv

SID 63-313

IIAI 



NORTH AMERICAN AVIATION, INC. _l[."_('l*." _|n(I INI,'()I{,'kI.VI'I().%' .'..4,'k'.',.4'1'1,]_1.*,..4I)lVh'-41(),_

Figure

33

34

35
36
37

38

39

AO
A1

_3
_A
_5
A6

L7

A8

49

5O

5!

52

53
5A

55
56
57
5S
59
6o
61

62
63

6_
65
66

Acoustics SI_ - Atmospheric Flight - External Xa910
to Xa838

Acoustics Adapter - Atmospheric Flight - External
Xa_38 to Xa722

Axial Acceleration - Nominal Saturn V Boost

Lateral Acceleration During First Stage Boost

Lateral Acceleration - S-11 Flight at Vaximum
Gimbal Deflection

lateral Acceleration - S-IVB Flight at _aximum
Gimbal Deflection

Vibration Cil - Space Flight
Vibration SI_ - Space Flight

Internal Equipment Ultimate Design Accelerations
Diagram I

Internal Equipment Ultimate Design Accelerations
Diagram II

Vibration LES - High "Q" Abort

Vibration C;'.- High "Q" Abort

Acoustics LES - High "Q" Abort

Acoustics C; - High "q" Abort - Internal - Forward
Xal060

Acoustics C!I - High "Q" Abort - External - Forward
Xal060

Acoustics CII - High "Q" Abort - Internal - Aft of
Xal060

Acoustics C!I - High "Q" Abort - External - Aft of
Xal060

Acoustics C! - High "Q" Abort - Crew Compartment

Command "odule External Dimensions Including
Ablative _iaterial

Area Designations - Side Vim_

Area Designations - View Looking Forward

Area Designations - Vi_ Looking Toward Lower End
of Crew Area

Service _,odule Inboard Profile - Vim_ Looking Forward
Service ilodule Inboard Profile

Sustained Acceleration - Eyeballs Out

Sustained Acceleration - Eyeballs In

Sustained Acc eleration - Eyeballs Down
_nergency Carbon Dioxide Limit

Nomogram for the Calcl_]ation of Sweat Rate

Post-Landing ECS, Allowable Effective Temperatures

Temperature and Humidity Nominal Limit

Tenperature and Humidity Emergency Limit

Nomogram for Calculation of Effective Air Temperature

Sporadic l_Jear-Eartn. Cislunar, and near-lunar meteroid
environment

Page

i16

117

i18

119
120

121

122

123

12A

125

126

127
128

129

130

131

132

133
13A

135

i36
137

138

139

140
IA1

1_2
l&3
1AA

1A5

IA6

l&7

IA8

149

V

SID 63-313



NORTH AMERICAN AVIATION, INC. SPACEal_(I I NF()RMATION SYSTENIS DIVISION

Figure

67
6S

Table I.
Table 2.

Reference Axes

Estimates of Xetabolic Rate, Thermal

Balance and Water

Pag e

150

151

vi

SID 63-313

FIAL



NORTH AMERICAN AVIATION, INC. (
\

-_-It_A(_! "] _trl(l I,XI,'()I/,_,I._,'I'I()N _'._'1't_]_1_ l)l\l_l()i_l

i. SCOPE

i.I Sc__qop_e.-This specification establishes the technical performance

requirements for the development and design of the Apollo (Block I)

Command and Service Module (CSM) System. The CSM System as discussed in

this specification is comprised of a Launch Escape Subsystem (LES), a

Command Module (CM), a Service Module (SM), a Spacecraft S-IVB Adapter,

the associated Ground Support Equipment (GSE), and requisite Trainers. A

general configuration of the Block I CSM and Launch Vehicles (LV) are

delineated in Figures 1 and 2.

In addition, performance characteristics of the LV and the other items

of Government-furnished equipment (GFE) upon _ich the design of the CSM

System is based are specified.

1.2 Objective.- The objective of this specification is to serve as a

contractual document to provide base line system requirements for the CSM
and its supporting and associate systems.

1
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2. APPLICABLE DOCI_,%NTS

The following documents form a part of this specification to the extent

specified herein:

2.1 Specifications.- Documents identified v_th an asterisk (_) require

future review and mutual agreement prior to incorporation into this

specification.

2.1.I NASA.-

HSFC-PROC-158A

12 April 1962

Soldering electrical connectors (high

reliability) procedure for (amendments

?_C-ASPO 5_ of 18 lhy 1964

I_FC IOM 01071

6 Harch 1961

Environment-protection _en Using

2lectrical Equipment-_,_ithin the Areas

of Saturn Complexes _ere }Iazardous

Area Exist; orocedure for

Exhibits for the Apollo _lock I Space

Suit Assembly Procurement Package,

estimated date ctober 20, 196_.

XSC-GSI_-I3

12 February 1964

Apollo Ground Support Equipment
General Enviro1_nental Criteria and

Test Specification

2.1.2 _[ilitary.-

IIIL-E-6OSiC

17 June 1960

Electrical Electronic System Compati-

bility and Interference Control _lequire-

ments for Aeronautical leapon Sjste_,

Associated 2ubsystems and Aircraft.

2.1.3 Contractor.-

North American Aviation, Inc. Space and Information gyste_

Division (NAA/S&ID)

_IC 999-OOO2£

3 January 1963

Electromagnetic interface Control for

the Apollo Space System

_ SID 62-109, Vol. 5 Apollo Spacecraft Development Test
Plan

SZD 63-313
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* SID 62-203
27 December 1963

-,'_SID 62-1000

17 September 1964

-_SID 62-1001

17 September 1964

_ SID 62-1002

17 September 1964

_ S_D= 62-1003

17 September 1964

* STD 63-489

_ SID 64-1237

A September 1964

* SID 64-1807

* SiD 6A-1866

2.2 Standards.-

2.2.1 Federal.-

ARDC ].959 Atmosphere

Standard Atmosphere 1962

Federal Standard 209
! 16 December 1963

2.2.2 f._litarF.-

141L-STD-130B

24 September 1962

"_ 335_6

16 December 1958

I',IAA/S&iDReliability Program Plan

Preliminary Guidance and Navigation

System Performance and Interface

(P&I) Requirements Specifications

Flight Research and Development (R&D)

Instrumentation Specification

Scientific Equipment Interface

Specification

Preliminary I_ASA-_urnished Crew

Equipment Interface and Performance

Specification

Master Ground Operation Spacecraft

Vehicle Model Specification, Basic -
Block I

Model Specification, Apollo Training

Equipment

CSM/I._FN Communications Interface

Specification

Clean Room and Work Station Require-

ments, Controlled Enviromuents

Identification Marking of U.S.

Military Property

Metals; definitions of dissimilar

3
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2.2.3 Contractor.- Lbt applicable

2.3 _ _'a,'in_s,.-

ICD 13}i20108

20 July 196A

2_ July 196A

ICD 13M50103

28 _lay 196_

ICD 13_[50112

22 July 196_

ICD 13M50123

29 July 196A

2._ Bulletins.- Not applicable

2.5 Other Publications.-

2.5.1 NASA.-

_q°C 200-2

20 April 1962

,_. C 200-3

20 April 19_

2.5.2

_c 25o-1
July 1963

_<ilitary. -

AFETC Pamphlet

80-2, Vol. i

i October 1963

AFCRL 62-899

July 1962

WADC TR 52-321

September !95_

'instrument Unit to Spacecraft

Physical Requirements ''(Saturn 1B)

'Spacecraft/"_i' -Ball Physical

Requirements '_(Saturn 1B)

"Instrument Unit to Spacecraft

Physical Requirements '_ (Saturn V)

Spacecraft/"Q"3all Physical

Requirements (Saturn V)

Envelope !_I[/S-7{B/IU Clearance,

Physical

Quality-Program Provisions for Space

System Contracts

Inspection System Provisions_Suppliers

of Space Material, Parts, Components,

and Services

Reliability _ogram Provisions for

Space Systems Contractors

General R_nge Safety Plan, Prelaunch

Safety Procedure

_m Point Variability of Winds,

Vols. !, II and ili.

Anthropometry of Flying Personnel -

1950

A
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2.6 Precedence.- The order of precedence in case of conflict shall be
as foIT_ws :

a° The Contract, NASg-150,

b. This specification

c. SID 6_-1237, Vehicle Model Specification -

d. Other doctunents referenced herein

2.7 _ffectivity.- Effectivity of contract changes shall be as of th_
date of this document.

SD 63-313
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3. REQUIREMENTS

The basis for design of the CSM System shall be a lunar orbit
mission which may be defined as the lunar orbit rendezvous (LOR)
mission without the lunar excursion module (LEM) interface and

with certain other deviations as specified in this document.

This section will encompass the following:

a. Definition of major elements of the system.

b. Design constraints and standards necessary to assure

compatibility of program hardware.

c. The allocation of performance budgets and specified

design constraints.

d. Identification of principal functional interfaces.

e. Identification and use of the Government-furnished

equipment (GFE) forming an integral part of the system.

3.1 General Requirements.- These general requirements are the collection
of principles to which the basic technical approach of the CSM subsystems must

be responsive. They are the first order criteria from which successive design

criteria, performance margins, tolerances, and environments shall be developed.

3.1.1 Command and Service Module.

3.1.1.1 Command Module (CM).- The CSM shall include a recoverable CM. This
module shall contain the communication, navigation, guidance, contro_comput-

ing, display equipment, and other equipment requiring crew mode selection.
In addition, other equipment required during nominal or emergency Earth

landing phases shall be included in the CM. This module shall include
features which allow effective crew observation with a field of view for

general observation. Equipment arrangements shall allow access for mainten-

ance prior to Earth launch. The CM shall provide for sufficient storage of

experimental measurement equipment as specified in SID 62-1OO1, Flight

R&D Instrumentation Specification.

a, Housing - The CM shall house three crew members during

the launch, translunar, lunar orbit, transearth entry

and recovery phases.

b. Entry and Earth Landing - The CM shall be the entry and

Earth landing vehicle for both nominal and emergency mission

phases.

SID 63-313
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Ce Ingress and Egress - The side ingress and egress hatch

to the CM shall be used during countdown or recovery.

No provisions shall be made for extra-vehicular activity

during flight.

3.1.1.2 Service Module (SM).- An unmanned SMwill be provided for all

missions. This unmanned module shall contain stores and systems which do not

require crew maintenance or direct operation, and which are not required by

the CM after separation from the SM. The SM shall house all propulsion sub-

systems required for midcourse corrections, lunar orbit insertion, lunar orbit

maneuvers and transearth injection. The SMwill be Jettisoned prior to entry

into the Earth's atmosphere.

3.1.1.3 Command and Service Module SIV-B Adapter.- The CSM/S-IVB Adapter

shall structurally and functionally adapt the SM to the LV, and provide for
in-flight separation of CSM from the LV.

3.1.l.h Launch Escape Subsystem _LES).- Provisions shall be made to separate
the CM from the LV in the event of failure or imminent failure of the LV

during all atmospheric phases.

3.1.1.5 Command and Service Module Subsystems.- The CSM subsystems require-

ments and subsystem descriptions are contained in SID 6h-1237, Vehicle Model
Specification - Basic.

3.1.2 Operational Concept.

3.1.2.1 Manning of Flight.- The CSM shall be designed for manned operation

with full utilization of human crew capabilities. Automatic subsystems shall

be employed only where they will enhance the performance of the mission.

Where possible, automatic systems shall be manually operable by override.

3.1.2.2 Onboard Command.- The spacecraft will normally utilize inputs from

earth-based tracking and computing facilities in conjunction with onboard

computations to perform mission requirements. However, the spacecraft shall

have the capability of performing any phase of the mission independent of

ground facilities or of aborting the mission in its entirety.

3.1.2.3 Flight Crew.- The CSM flight crew shall consist of three men.

3.1.2.3.1 Crew Participation.- The flight crew shall have the capability to

control the CSM throughout all flight modes. The flight crew shall partici-
pate in navigation, control, monitoring, computing, and observation as

required. Status of subsystems shall be displayed for crew monitoring,

failure detection and operational mode selection. The CSM shall be designed

so that a single crewman will be able to perform all tasks essential to

return the CSM in case of emergency.

?
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3.1.2.3.2 Abort Initiation.- Provisions shall be made for crew initiation

of all abort modes. Initiation of abort modes by automatic subsystems shall

be provided only when necessary to insure crew safety.

3.1.2.4 Flight Time Capabilities.

3.1.2.4.1 Flight.- The Apollo CSM shall be designed to accomplish the
Lunar Orbit Mission. The CSM consumables subsystems shall be designed for a

nominal mission time of 10.6 days with 3 of these days in lunar orbit using

the_V allocations shown in 3.1.3.3. By Judicious system management of

duty cycles, alternate missions, such as Earth orbital, may be performed

within the resultant capabilities of the CSM system. A l&-day mission capa-

bility is inherent by proper selection of duty cycles for use of the total

electric power available since the electrical power cryogenics was sized to
permit abort from the most critical point in the lunar mission with one

cyro tank inoperative. In addition, provisions are available for on-landing

of additional lithium hydroxide canisters, and the oxygen supply is sized

to provide CM leakage of 0.2 pounds per hour plus metabolic oxygen, as

required for a l_-day mission.

3.1.2.4.2 Post Flight.- The CM shall provide the crew with a habitable

environment for 48 hours and a flotation environment of 7 days following
a water landing.

3.1.2.5 Earth Landing.- The CSM shall have the capability of initiating

a return and earth-landing maneuver at any time during either lunar or Earth

orbital missions. Prior to each flight, a primary water landing site and

suitable backup water landing site will be selected for normal mission

landing. Emergency land landing capability shall be provided for early
launch aborts.

3.1.3 Command and Service Module Performance.- The following subparagraphs

summarize the nominal performance capabilities of the CM, SM, and S-IVB

Adapter.

3.1.3.1 Boost Stabilization.- The effects of windage, aerodynamics,

variations of the center of gravity, etc., will be compensated for by

the launch vehicle during the boost phase.

3.1.3.2 Trajectories.- The general CSM trajectories shall follow the general

requirements described in 3.1. After translunar injection, the primary

measured CSM positional accuracy shall be provided by the _._FN with the CSM

G&N Subsystem serving as a back-up system in accordance with SID 6A-881,

NASA Manned Space Flight Net Performance and Interface Specification -
primary.

8

SID 63-313



Cq

// /

NORTH AMERICAN AVIATION, INC. I,. SPACE anO INIrORN|ATION SYSTENJS I)IVI_ION

3.1.3.3 Command and Service Module Propulsion Increments After SIVB

Separation.- After separation of the SIVB, propulsion increments of the CS_

shall be supplied by the SPS. For mission comparison purposes, weight repo_

etc., the SPS characteristic velocity budget utilized shall be as indicated

for the following mission phases.

a.

be

3.1._

>_ssion Phase

Translunar

(i) Midcourse

(2) Lunar orbit injection

(3) _V margin (lO percent)

Transearth

(1) Lunar orbit maneuvers

(2) Transearth injection

(3) Transearth midcourse

(_) A V margin (lO percent)

Mission Performance.

Incremental Velocity

(FPS)

300

3,230

353

3,610

300

3.1.&.l Flight Plan.- The Apollo mission flight plan for which the CSM is

sized shall be as specified in 3.1.&.l.l and 3.1.&.i.2.

3.1.&.l.l General Flight Plan Requirements and Characteristics.- The
general flight plan requirements and characteristics present the general

mission ground rules to which the CSM shall be designed. These ground

rules consist of trajectory parameters and operational constraints which

shall be used in overall CSM and subsystem design. The characteristics of

the lunar missions are described in the following subparagraphs:

a. Launch site - All lunar orbital missions shall be launched

from Cape Kennedy, Florida. The launch azimuth shall be

within limitations set by range safety and tracking consider-

ations. The launch phase for lunar orbital missions begins

within S-IC ignition and ends with S-IVB cutoff in Earth

parking orbit.
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c.

do

e.

Launch time window - Lunar orbital mission flight plans shall

include at least a 2-hour period on the launch date. Launches

may be made providing visual reference conditions sufficient

for orientation during high altitude abort exist. A launch

window shall be provided either by maneuvering the CSM space

vehicle to intercept a planned trajectory or by selecting a

new trajectory that will satisfy the mission objectives and
which will also be obtained at the actual launch time. Both

the lunar trajectory selection and vehicle maneuvering methods

shall be developed for obtaining a launch window. This capability

is to be provided by a Government-furnished launch vehicle from

a Government-furnished launch complex.

Earth parking orbit - The Earth parking orbit phase begins
with S-IVB cutoff in orbit and ends with S-IVB relight for

translunar injection. The parking orbit altitudes for lunar
orbital mission shall be limited to altitudes from 90 to 120

nautical miles. The nominal parking orbit altitude shall be 1OO

nautical miles. Multiple parking orbits are acceptable but shall

be compatible with booster performance and lifetime limitations.
The duration of this phase shall not exceed h 1/2 hours.

Translunar injection - The translunar injection phase begins

with S-IVB ignition in Earth parking orbit and ends with S-IVB
cutoff. Final injection into the translunar trajectory shall be

located such that the trajectory can be determined by the MSFN

within 15 minutes of translunar injection burnout.

Translunar coast - The translunar coast phase begins with S-IVB

cutoff and ends with SPS ignition for lunar orbit insertion.

The translunar trajectory for lunar orbit missions shall be a

free return type which has a coast return to the Earth with

acceptable entry conditions. The duration of this phase shall

be from approximately 59 to 77 hours depending upon the Earth-
Moon distance, the inclinations of the geocentric translunar

and transearth planes to the Moonfs orbit plane, and the injection

velocity. The translunar trajectories for lunar orbit missions

shall have a nominal pericynthion of 100 nautical miles. The

CSM shall include provisions for performing translunar midcourse
correction maneuvers.

lO
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f. Lunar orbit insertion - Lunar orbit insertion begins with SPS

ignition just prior to pericynthion and ends with SPS cutoff
in lunar orbit. Insertion will occur over the nonvisible

portion of the Moon. The CSM shall arrive on a circumlunar
traJectory which has a nominal pericynthion altitude of i00

nautical miles. A 5-degree plane change capability shall be

provided within the lunar orbit injection velocity budget for

establishing the initial orbit. The maneuver shall be acc-

omplished at the same time as the retro-maneuver for establishing
the lunar orbit.

g.
Lunar orbit - The lunar orbit phase begins with SPS cutoff in

lunar orbit and ends with SPS ignition for transearth injection.
The nominal lunar orbit altitude shall be i00 nautical miles.

h. Transearth injection - Transearth injection begins with SPS

ignition in lunar orbit and ends with SPS cutoff. The SM

propulsion subsystem shall be capable of providing the necessary

propulsion performance to transfer from the lunar orbit to the

transearth trajectory. The maneuver required is a function of
the characteristic of parking orbit at the time of injection,

the time spent in orbit, and the terminal constraints at perigee
which must be satisfied. The terminal constraints which must

be satisfied are the Earth atmospheric entry angle, geocentric

conic inclination, and the entry epoch. The required entry

angle shall be limited such that capture is insured without

exceeding the aerodynamic heating or loads limitations. The

position of the vehicle at the time of injection will be over
the non-visible side of the Moon.

i. Transearth coast - The transearth coast phase begins with

SPS cutoff and concludes at the entry interface. The duration

is determined by the transearth injection conditions and shall

range between 60 and 8& hours to allow for return to the primary

landing site. The inclination of the transearth trajectory to

the Earth's equator and the time of flight shall be used to

control the entry in such a way that the entry track will be

over planned tracking and recovery areas. The CSM shall include

provisions for performing transearth midcourse correction
maneuver. Transearth trajectories shall be such that nominal

entry for Apollo missions will be with posigrade motion with

respect to the Earth to reduce the entry heating and widen

the entry corridor.
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SID 63-313



NORTH AMERICAN AVIATION, INC f
/

/

,";P/k(_l,_" alld 1 .'N I__ )|L%IATI()N SYSTE3.1S DI'_JISION

De Entry - The entry phase begins at the entry interface
(nominally 400,000 feet) and ends at drogue parachute

deployment. The CM shall be capable of entry with a

normal operational corridor with a maximum deceleration
of 9 g during the initial pull-out with a minimum L/D=O.30

and at a parabolic velocity of 36,333 fps when measured in
a vacuum at perigee. The maximum range at minimum L/D shall

be 2,500 nautical miles. The maximum emergency deceleration

limit shall not exceed 20 g.

ke Recovery - The recovery phase covers the time commencing

with drogue parachute deplo3_ent and ending with touchdown
of the CM.

1. Post landing - The post recovery landing covers the time from
CM teuchdownto CM retrieval.

3.1.4.1.2 Control Weight and Consumables Design Ivission.- The following
lO.6-day lunar orbit mission timeline shall serve as a basis for provision-

ing of consumables and for establishing CSM control weights:

Mission Phase Duration Hours

Prelaunch

Ascent phase

Earth parking orbit

Translunar injection
Translunar coast

Lunar orbit injection
Lunar orbit coast

Transearth injection
Transearth coast

Pre-entry

Entry

Recovery

i0.00

0.19

0.09
77.00

0.09
88.00

0.04
84.00

0.08
0.50
0.17

3.1.4.2 Contingencies.- A contingency situation is the result of any

deviation from the mission plan which requires a decision to be made

concerning future conduct of the mission. Such deviations can include those
concerned with schedule, structural characteristics, vehicle or subsystem

performance, crew condition, random natural hazards and others. The CSM
individually, and the overall Apollo system, as a whole, shall be capable of

resolving contingencies in order to meet the specified probabilities of crew

safety and of mission success. The spacecraft shall be designed such that

any one crewman can perform all functions required to accomplish a safe

return to earth from any point in the mission.

12
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3.1.h.2.1 Design Objective.- Overcoming contingency situations requires

operational and performance flexibility. This flexibility shall be provided

by the following design objectives:

a° Built-in redundancy

b. Switch-in redundancy

c. Alternate operating modes

3.1.&.2.2 Criteria for Contingency Operation.- Performance requirements

for CSM operation under contingency conditions shall be based on the foll-
owing criteria (listed in approximate order of significance):

a. Adequate crew safety

b. Mission success

c. Adequate fuel margin

d. Minimum response-time criticality

e. Primary landing area

f. Adequate margin for consumables

g. Manned Spacecraft Control Center (MSCC) and MSFN
assistance

Hardware reliability

Minimum number of abort trajectories

Minimum flight-plan complexities

Performance flexibility

Contingency Operations.- Crew response to a contingency will

in general, the operations described below.

Detection of contingency - The crew members shall be alerted

to the contingency occurrence by one or more of the following:

h.

i.

J.

k.

3.1.h.2.3

comprise,

a.

(i) CSM displays and controls

(2) Telemetry/communication loops

(3) Telemetry/up-data link

T
13
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b.

(_) Lack of response to command inputs

(5) Physical sensing by astronaut

(6) Caution and warning display

Isolation of contingency - To aid the crew in isolation of
contingencies, all information required to assure crew safety

shall be stored on board the CSM in a readily accessible
manner. Pertinent information affecting mission success shall

be stored on board where practicable. Complete information
at all levels and quantitative predictions of future missions

status shall be available from MSCC via I_FN within existing

communications capabilities.

Co

de

Evaluation of contingency - On-board stored contingency data

shall clearly identify contingencies where crew safety may be

Jeopardized and where time may be a constraining factor.

Implementation of contingency resolution - The resolution of all

contingencies shall be initiated by the crew. Automatic initia-

tion shall be invoked only when the response time or the complex-

ity of the evaluation and implementation process are beyond
reasonable human limitations.

3.1.&.2.& Abort Factors.- For abort action, the on-board stored con-

tingency data shall normally provide abort-selection criteria including

propulsive fuel, time, and landing area.

ao Propellants - Data listing AV requirements for discrete

abort trajectories shall be readily available on board.
Sufficient conversion data shall be available on board to

convert propellant readings to_V capabilities.

bt Time - Time histories for discrete abort trajectories shall

be readily available on board. Sufficient information concerning

consumable usage rates under varying operational conditions

shall also be available on board to enable reasonable predictions

on future consumable status. In addition, those contingencies

which require a timely response shall be identified in the on-
board stored data.

Ce Information retrieval - On-board stored data shall be in

sufficient detail to provide adequate assurance of crew safety
even if communications to _._CC are not available. An efficient

unambiguous indexing method shall be provided to enable speedy

retrieval by the astronauts of adequate information from the
on-board stored data.

1A
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3.1.5 Launch Vehicle (LV) Performance Requirements.- Propulsion increments

involved with the boost phases of the mission will be supplied by NASA-

furnished Saturn IB or Saturn V launch vehicles. The CSM system shall be

designed compatible with the following interface requirements.

3.1.5.1 Launch Vehicle Attitude Control.- The limit cycle or dead band for

the attitude control subsystem of the LV shall be _+1.0 degree in pitch, roll

and yaw at a rate not to exceed 0.05 degrees per second.

3.1.5.2 Propellant Venting.- The SIVB propellant venting shall be continuous

and the thrust generated shall not cause any moment that cannot be corrected
within the attitude control subsystem dead band.

3.1.5.3 Loads Criteria for CSM SIVB Adapter and Instrumentation Unit (IU).-
The following maximum flight parameters shall not be exceeded on Block I
missions.

3.1.5-3.1 Load Parameters

= 6.9 degrees

q _ = 5,072 ib/ft 2 deg. (for flexible body conditions)

Trajectories shall be shaped such that these parameters are not exceeded.
(see Figure 3)

The limit axial loads, shears, and bending moments at the CS_,_LV interface

snall not exceed those shown in the following table for conditions of
maximumq =:

Load Parameters

Loads x 10-3

Interface

Adapter/IU

(Apollo Station 502

P

S Axial

Shear Load

(ibs.) (ibs.)

63.0 -269.o

Moment

MA
(ibs.)

21,800

M i

Moment

z {

(in-lb)

26O

Moment

6.3
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Note: MA is the moment due to the trajectory and trajectory

dispersions. _ Mz and _My are fixed direction moments

are due to the physical design of the vehicle (CG locations,
asymmetry, etc.)

3.1.5.3.2 Booster Aero Data.- Loads evaluated for the max q_ condition shall
use the Booster normal force coefficient and center of pressure as given in

Figure _, and the normal force distribution, for the booster only, as given

in Figure 5.

3.1.5.3.3 Booster Control System Criteria.- The system gains for the

autopilot are derived by using a combination of the minimumdrift and minimum

load principles having an auxiliary feedback loop utilizing an angle of attack
or an accelerometer sensor.

3.1.5.3._ Booster Stiffness.- Distributions of E1 and KAG for the Saturn V

booster are given in Figures 6 thru 9.

3.1.5.3.5 Booster Weight Distribution.- Weight distributions for the Saturn V

booster structure and propellant are given in Figures lO thru 14.

3.1.5._ Saturn IB Performance Requirements:

3.1.5._.i Payload Capability.- For the Saturn IB missions the LV shall

be capable of injecting 32,500 pounds, based on a 8,2OO-pound Launch Escape

Subsystem (LES), into a nominal lO0-nautical mile Earth orbit.

3.1.5.&.2 Trajectory Requirements, Saturn IB.- The LV shall insert the CSM

at cutoff into the particular mission design trajectory within the accuracies

defined by the following flight parameters:

Eccentricity, e, __O.00725

Semi major axis, a. -I10.70 nautical miles

Ascending node, +0.210 degrees

Inclination, __0.0839 degrees

True anomaly of the

ascending node

(If applicable for the
particular mission)

_0.830 degrees

16
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3.1.5.5 Saturn V Performance Requirements.-

3.1.5.5.1 Payload Capability.- For the Saturn V missions the LV shall be

capable of injecting 90,000 pounds, based on an 8,200-pound LES and a

24,5OO-pound LEM into a translunar trajectory of the free return type having

a nominal vacuum perigee altitude of 21 nautical miles with no midcourse

corrections required to accomplish the trajectory.

3.1.5.5.2 Trajectory Requirements

ao Parking orbit - The LV shall insert the CSM at cutoff into

the particular mission design trajectory for the parking

orbit within the accuracies defined by the following flight

parameters:

Eccentricity, e, +0.00725

Semi major axis, a, +_10.70 nautical miles

Ascending node, _+O.210 degrees

Inclination, +0.0839 degrees

True anomaly of

the ascending node

(If applicable for the

particular mission)

_+0.830 degrees

be _ssions - The LV shall inject the CSM at cutoff into the

particular mission design trajectory within the accuracies

defined by the following orbital parameters:

Eccentricity, e, -F0. _'-
u

Semi major axis, a, + * nautical miles
u

Ascending node, * degrees

Inclination, _ * degrees

True anomaly of

the ascending node

(If applicable for the

particular mission)

* degrees

*MSC shall assign values to these parameters that are consistent with the
targeting requirements of a lunar mission and with the V budget established

for midcourse correction (Ref. 3.1.3.3)

l?
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3.1.5.6 Launch Vehicle Mechanical Interfaces.-

3.1.5.6.1 Physical Interfaces

a. CSM SIVB adapter/IU interface - The CSM SIVB Adapter

shall structurally and functionally adapt the SM to

the LV. In the area of interface with the LV, design of

the Adapter and the design_f the IU shall meet the requirements

of ICD's 13}_0108 (Saturn IB) "Instrument Unit to Spacecraft

Physical Requirements" (original issue), 13M50103 (Saturn V)

"Instrument Unit to Spacecraft Physical Requirements" (original

issue). Requirements established by ICD 13M50123 "Envelope,
LE_SIVB/IU Clearance, Physical" (original issue) will be met

as required for the Saturn missions involved.

Note: While the effectivity of these documents is limited to missions

A201 and ASO1, the design requirements established therein provide
a baseline reference for all Block I Saturn IB and Saturn V missions.

be "Q" ball to CSM interface - The design of the "Q" ball

and the design of upper end of the ballast enclosure shall
meet the requirements ICD's 13_0109 (Saturn IB) "Spacecraft/"Q"-

Ball Physical Requirements" (original issue) and 131_50112

(Saturn V) "Spacecraft/"Q"-Ball Physical Requirements" (original

issue).

Note: _Cnile the effectivity of these documents is limited to missions

A201 and ASO1, the design requirements established therein provide
a baseline reference for all Block I Saturn IB and Saturn V missions.

3.1.5.6.2 CSM SIVB Adapter/IU Interface Compartment.-

a. Boost phase venting - During the boost phase the SM, Adapter,

IU and SIVB forward skirt shall be vented to atmosphere via

vents to be located on the SIVB between 122 and 130 inches

aft of the Adapter/IU interface. Total vent cross-sectional

area shall be 200 square inches.

b. Purge requirements - Provisions shall be included in the design

of the vehicle for a gas purge of the Adapter/IU interface com-

partment. The purge gas shall be introduced through the umbil-

icals in the SM, Adapter and IU and shall be exhausted via the

boost phase vents in the SIVB. The design shall be compatible

with an air purge for the control of temperature and working

conditions inside the compartment and with a GN2 purge when
an explosion hazard potentially exists.

_ -_'_ 18
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C. Lower adapter access provisions - Provisions shall be incorporated

in the design of the IU for installation of platforms required

for access to the lower LEM area and lower Adapter mounted CSM

equipment during ground checkout and servicing operations. These

platforms are to be designed and provided by the MSFC. These

platforms shall also be designed such that they will provide

selected base (leg) attach points and will support the vertical

loads only from auxiliary two-man platforms.

3.1.5.7 Launch Vehicle Electrical Interfaces.-

3.1.5.7.1 Adapter/IU Interface Provision.- Three type PTOOSE-2A-61S

electrical connectors shall be provided in the Adapter for electrical mating

of CSM and launch vehicle. The connectors shall be mounted to the adapter

approximately 25 inches above the SLA/IU interface, and approximately A5

degrees from the -Z axis toward the + Y axis (CSM axes, Table I).

3.1.5.7.2 "Q" Ball Interface Provisions.- Wiring shall be provided from the
MSFC-furnished "Q" ball to the Adapter/IU interface. Wiring shall be term-

inated with an _1A-OO95-0062 or equivalent connector at the "Q" ball
interface and one of the above type PTOOSE-2_-61S connectors at the adapter/

IU interface. The interface between launch vehicle equipment and the CSM

portion of the launch vehicle EDS related to the "Q" ball signals is contained

in 3.1.5.7.5.2.1, a, (3), (f).

3.1.5.7.3 Power Interface.- Electrical interfaces between CSM and launch

vehicle shall be designed in such a manner that there will be no exchange of

electrical power between CSM and launch vehicle.

3.1.5.7.A Signal Interfaces.- For electrical signal interfaces, adequate
electrical isolation shall be provided in the interface design so that the

effectiveness of any signal crossing the interface will not be deteriorated.

3.1.5.7.5 Launch Vehicle Emergency Detection System (LV-EDS).- The LV-EDS

is a system which is operative during boost flight in both the Saturn LV and

the CSM system. Its purpose is to detect critical conditions arising from

malfunctions within the LV and automatically transmit a signal to the LES to

initiate abort action or to provide information to the CSM crew to indicate

that an abort may be required. This specification is concerned only with

that portion of the LV-EDS _ich is contained in the CSM (hereafter referred

to as LV-EDS) and its relationship with the portion of the LV-EDS which is

contained in the Saturn LV. Where reference is made to the LV portion of the

LV-EDS, it is so indicated. Since the CSM system will be engaged in missions

involving both Saturn IB and Saturn V launch vehicles, the performance and

interface requirements for both those vehicles are included in this specifi-

cation. These requirements are common to both vehicles except where indicated
otherwise.
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3.1.5.7.5.1 Performance Requirements.- The LV-EDS contained in the CSM
system will provide the following capabilities.

3.1.5.7.5.1.1 Astronaut Displays.- In response to signals from the LV and
other CSM subsystems, the LV-EDS will display critical conditions to the crew
of the CSM.

3.1.5.7.5.1.2 Astronaut Controls.- The CSMwill incorporate provisions for

astronaut control of the LV-EDS. These controls will permit the astronaut to:

a. Switch power to or from the LV-EDS system.

b. Manually enable the automatic abort circuitry in the event

of failure of automatic enabling at lift-off.

C. Manually initiate _n abort sequence with the LES, or, after

LES jettison, the SM propulsion subsystem and, concurrently,
command LV active engine cutoff.

d. Manually deactivate the entire automatic abort mode by a
single switch.

e. Manually deactivate the automatic abort signal for angular
overrates for all three planes simulataneously with one switch.

f. Manually deactivate the first stage 2-engines-out automatic
abort signal.

3.1.5.7.5.1.3 Automatic LV-EDS Functions.- The LV-EDS will also automatically
accomplish the following functions within the CSM.

a. Enable the automatic abort circuitry at the instant of
lift-off.

be Determine through majority voting logic the validity of an
automatic abort signal presence in the CSM/LV interface abort

circuitry before transmitting an abort command to the LES.

C. Provide an indication to the LV-GSE of an "unsafe" condition in

the LV-EDS prior to lift-off. Unsafe being defined as:

"attempting to command an abort to the LES which would produce

abort action if the automatic abort circuitry were enabled at
that time."

d. Disable, in the CSM, the automatic abort circuitry at the

instant of LES separation.

e. Initiate the LES abort and shut down the engines on active LV stage

upon a valid command from the CSM/LV interface abort circuitry.

2O
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3.1.5.7.5.2 Functional Interfaces.-

3.1.5.7.5.2.1 Launch Vehicle Interfaces.- Interchange of LV-EDS signals

between the CSM and the LV will be as shown below. The power source to

operate these signals shall be as indicated:

a. Launch vehicle to CSM signals

(1) Automatic abort circuitry - Loss of power in two out
of three of the CSM/LV interface automatic abort circuits

shall cause abort action to be taken by the LES. CSM

power shall be used for this circuitry.

(2) Automatic enabling of auto abort circuitry at lift-off - A

dual redundant signal from the LV-IU to the CSM shall cause

the automatic abort circuitry in the CSM to be enabled,

i.e., to be switched into a state of operational readiness.

CSM power shall be used for this circuitry.

(3) Display circuits - CM displays will be activated as shown

below on receipt of signals from the LV. These display

circuits are normally de-energized prior to signal trans-
mittal.

(a)

(b)

(c)

Engine status signals - A discrete signal from the

LV-IU to the CM will indicate the nonthrusting status

of each of the active LV engines. Eight signal paths

will be provided on Saturn IB missions for use during

SIB stage burn and one signal path for SIVB stage

burn. On Saturn V missions, five signal paths will

be provided for use during SIC and S-II stage burn and
one signal path for SIVB stage burn. The signals for

the different stages on each vehicle shall utilize

common circuitry. CSM power shall be used for this
circuitry.

Excessive rate signal - A discrete signal from the
LV-IU to the CMwill indicate the LV rate limit in

any of the pitch, roll or yaw planes has been exceeded.
CSM power shall be used for this circuitry.

Launch vehicle guidance failure signal - A discrete

signal from the LV-IU to the CM will indicate that

the LV guidance system has failed and that attitude

control is lost, (Rate control will still be operative).

CSM power shall be used for this circuitry.

21
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(d) Abort request signal - A discrete signal from

the LV-!U to the CMwill indicate that either

the Range Safety Officer has transmitted a

destruct and engine cutoff command to the LV

or that Launch Control Center (LCC) is indi-

cating an abort necessity. CSM power shall be
used for this circuitry.

(e) Lift-off signal - A descrete signal will be
transmitted from the LV-IU to the CM to indicate

that lift-off has occurred. CSM power shall be

used for this circuitry.

(f) Angle of attack signal - An analog signal will

be transmitted from the "Q"-balI/CSM interface

to provide a continuous readout of an aerodynamic

parameter which is a function of angle of attack.

The signal from the "Q" ball interface will be a single

signal representing the combined pitch and yaw

vectors to give a total angle of attack function

readout. The display parameter will be differential

pressure across the "Q'-ball on the LES. LV power

shall be used for this circuitry.

(g) S-IT stage fuel pressure signal (on Saturn V

missions only) - An analog signal will be trans-

mitted from the LV-IU to provide a continuous

readout of S-If fuel tank pressure. LV power
shall be used for this circuitry.

(h) SI_ stage fuel pressure signal (on Saturn V

missions only) - An analog signal will be

transmitted from the LV-IU to provide a con-

tinuous readout of SIVB fuel tank pressure.

LV power shall be used for this circuitry.

(i) S-II stage second plane separation signal (on

Saturn V missions only) - A discrete signal
from the LV-IU will indicate that S-II second

plane separation (S-II aft skirt) has occurred.

CS_[ power shall be used for this circuitry.

b. CSM to LV signals

(I) LV engine cutoff circuitry - An abort command transmitted

to either the LES or SI_ propulsion systems (after LES

jettison) will cause an engine cutoff signal to be trans-

mitted from the CSM to the LV. This signal will consist of

loss of power in at least two out of three energized circuits

crossing the CS_LV interface. LV power shall be used for this

circuitry.

22
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(2) Astronaut manual control circuitry - Upon astronaut

initiation of the following functions, signals will
transmitted to the LV as indicated.

(a) Two engine out auto-abort disable - _,_en the

astronaut commands this function, a signal will
be transmitted from the CM to the LV-IU. The

interface circuitry shall consist of triple

redundant wire paths which become energized when

the disabling signal is transmitted. LV power

shall be used for this circuitry.

(b) I_ excessive rates auto-abort disable -When

the astronaut commands this function, a signal
shall be transmitted from the CM to the I_-IU.

The interface circuitry shall consist of triple

redundant wire paths which become energized when

the disabling signal is transmitted. LV power

shall be used for this circuitry.

(3) LV-EDS unsafe signal - Prior to lift-off, the CM

will supply a signal to the LV-IU (for subsequent

action in the LV-GSE release ladder to prevent
lift-off) in the event the LV-EDS circuitry is in an

"unsafe" condition. LV power shall be used for this
circuitry.

3.1.5.7.5.2 LV-EDS/CSM SCS/C_C2_ Interfaces.- In addition to the displays

which are provided for signals from the LV/CSM interface, the following

parameters will be displayed for detection of critical conditions arising

from LV malfunctions. These displays will be provided by CSM SCS, the signals

for which will be in turn provided by the CSM G&N subsystem (operating in the
monitor mode) as described in SID 62-1000, C&_N Performance and Interface

Specification.

a. Attitude error - A continuous readout of vehicle attitude

error shall be provided during first stage burn.

b. Total attitude - A continuous readout of vehicle total

attitude shall be provided.

Co Angular rates - A continuous readout of vehicle angular

rates in each of the pitch, yaw, and roll planes shall

be provided.
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3.2 Command and Service Module System Design and Performance Criteria.

3.2.1 General Design Analysis Criteria. - Design and operational procedures

shall be conducted in accordance with rational design principles to include

but not be limited to the following:

3.2.1.1 Limit Conditions. - The design limit load envelope shall be estab-

lished by superposition of rationally deduced critical loads for all flight

modes. Load envelopes of rationally deduced critical loads for all flight
modes. Load envelopes shall recognize the cumulative effects of additive

type loads. No subsystem shall be designed incapable of functioning at
limit load conditions.

3.2.1.1.1 Ultimate Factor. - The ultimate factor shall be 1.5 applied to

limit loads. This factor may be reduced to 1.35 for special cases subject

to rational analysis and negotiation with MSC, NASA.

3.2.1.2 Performance Margins. - Rational margins shall be apportioned to sub-

systems and components such that the greatest overall design efficiency is

achieved within the LV capabilities and implementation criteria constraints.

3.2.1.2.1 Multiple Failure. - The decision to design for single or multiple

failures shall be based on the expected frequency of occurrence as it affects

subsystem reliability and safety.

3.2.1.2.2 Design Margins. - All CSM subsystems shall be designed to zero or
positivemargins of safety.

3.2.1.2.3 Attitude Constraints. - Attitude control is permissable to eliminate

system constraints which would impose successive subsystem requirements.

3.2.1.3 Performance Criteria

3.2.1.3.1 CM Pressurization. - The repressurization subsystem shall be

designed for two complete cabin repressurizations and a continuous leak rate
as high as 0.2 pounds per hour.

3.2.1.3.2

purposes, shall be defined as follows:

For CSM exterior:

For CM interior:

For SM interior:

Vacuum Operation of Cabin Equipment. - Vacuum, for design criteria

7.5 x i0-i0 _ hg

_-A_hg

_-6_hg

3.2.1.3.3 CM Reuse. - The CM and internal subsystems shall not be designed

for repeated mission reuse after recovery.
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3.2.1.3.h CM Flotation and Water Stability. - CM flotation and water

stability characteristics shall be such that the CM will recover from any
initial attitude and will float upright with normal egrees hatches clear of
the water.

3.2.1.3.5 Portable Life SuDport System (PLSS)

be provided for resupply of PLSS expendables.
PLSS expendables shall not be provided.

Recharge. - Facilities shall

Expendables for resupply of the

3.2.1.h Command and Service Module Design Criteria. -

3.2.1.h.1 Thermal Control. - Thermal design of the S/C modules shall normally

use passive means of thermal control, such as insulation, coatings, and con-

trol of thermal resistances. Full cognizance shall be taken of thermodynamic

considerations in establishing conceptual design and selection of propellants,

working fluids, materials for all subsystems such that the maximum allowable

temperature range consistent with other design considerations shal_ be provided.

Thermal design of the S/C shall take advantage of change in orientation to the

extent possible without compromise of required operational flexibility.

3.2.1._.2 Maintenance. - Equipment arrangements, accessibility, and inter-

changeability features that allow efficient preflight servicing and main-

tenance shall be given full consideration. Design considerations shall also

include efficient mission scrub and recycle procedures.

3.2.1._.3 Ground Handling. - Full design recognition shall be given to the

durability requirements of CSM equipment and subsystems during preflight

preparation.

3.2.1.5 Environmental Criteria. - These requirements define the environmental

design criteria for the CSM equipment and associated Ground Support Equipment
(as]z .

3.2.1.5.1 CSM and GSE Ground Environments. - The following conditions repre-

sent the natural and induced environmental extremes which may be encountered
during transportation, ground handling and storage. Handling GSE shall be

capable of operating during exposure to these environments. Other GSE and

CSM equipment may be protected by suitable packaging for transportation and

storage if these environments exceed the equipment design operation require-
ments.

3.2.1.5.1.1. Natural environments.

(a) Temperature

Air transportation -J+5 to + 2/+0 F for 8 hours

Ground transportation -20 to + 145 F for 2 weeks

Storage +25 to + 150 F for 3 years

25
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(b) Pressure

Air transportation

Ground transportation

and storage

(c) Humidity

(d) Sunshine

(e) Rain

(f) Sand and dust

(g) Fungus

(h) Salt spray

(i) Ozone

(J) Ground winds

26

l_inimum of 3._7 psia for 8
hours (35,000 ft. altitude).

Minimum of 11.78 psia for

3 years (6,000 ft. altitude)

0 to i00 percent relative

humidity, including conditions
wherein condensation takes

place in the form of water

or frost for at least 30 days.

Solar radiation of 360 Btu

per square foot per hour

for 6 hours per day for
2 weeks.

Up to 0.6 inch per hour for

12 hours, 2.5 inch per hour
for i hour.

As encountered in desert and

ocean beach areas, equivalent
to l_O-mesh silica flour with

particle velocity up 500 feet

per minute and a particle

density of 0.25 grams per
cubic foot.

As experienced in Florida
climate. _terials will not

be used which will support or
be damaged by fungi.

Salt atmosphere as encountered

in coastal areas, the effect

of which is simulated by ex-

posure to a 5-percent salt

solution by weight for _8 hours.

Up to 3 years exposure to 0.05

parts per million concentration

or 3 months at 0.25 ppm or 72

hours at O. 5 ppm.

These ground wind criteria

consist of a description of Cape

63-313
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Kennedy wind data for the

height intervals of 10 to
_00 feet.

(1) Free standing - The design wind speeds for structural
loading considerations of the CSM are presented in the

table below. Wind speed occuring during the strongest

wind month at Cape Kennedy, Florida, are less than those

presented 99.9 percent of the time.

Height Steady State Wind Peak Wind
(ft) (knots) (knots)(*)

i0 23.0 32.2

30 28.7 h0.2

60 32.9 &6.1

I00 36.5 51.1

2OO AI.9 58.7

300 _5._ 63.6

_00 /+8.1 67.3

(*) Gust Characteristics:

For the effects of gusts, a linear buildup from the steady state winds

to the peak winds will be assumed. The period of this buildup and

decay shall be taken as _ seconds for all height levels; that is, build-

up of 2 seconds and 2 seconds for decay to steady state wind speed.

(2) Storm conditions - The 99.9 percent peak wind speeds presented
in 3.2.1.5, (1), (J), 1. may be exceeded during severe

thunderstorm or hurricane condition at Cape Kennedy. During
such periods, the vehicle must be protected in such a manner

that wind loading conditions greater than those for the 99.9

percent winds shall not be experienced by the CSM.

3.2.1.5.1.2 Induced environment. -

(a) Shock - as experienced in any direction

Weight Shock Level Time

(pounds)** (g) (milliseconds)

Less than 250 30 II + I (half-sine

w veform)

250 to 500 2A II + I (half-sine
  form)

27
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500 to 1,000 21 Ii + i (half- sine

w  form)

Over 1,000 18 ii + I (half-sine
wav fo= )

*_Weight of equipment and package or containers (if any).

(b) Vibration, - Sinoidal as experienced in any direction

Weight 5 to 26.5 26.5 to 52 52 to 500

(pounds)** cps cps cps
(inch DA)

Less than 50 +1.56 g O.O&3 +6.0 g

50 to 300 _1.30 g 0.036 _5.0 g
300 to 1,OO0 _1.30 g 0.036

Over 1,O00 _l.O& g 0.029

**NOTE: Weight of equipment and package or containers, if al_.

3.2.1.5.1.3 Sheltered environment areas. - These requirements represent the

environment design criteria for CSM equipment and GSE both in operating and
non operating conditions. The equipment shall be capable of meeting the

operating requirements of the applicable performance specification during

and after exposure to these environments. Natural and induced environments
are combined in this section. The level of environmental control at

each Apollo site shall be as indicated in _$C-GSE-IB.

3.2.1.5.1.3.1 Interior controlled. - An environment in which the tempera-

ture, humidity, sand, salt spray, etc., are controlled.

(a) Temperature +60 to +80 F for up to 3 years.

+52 to +105 F for I hour
maximum with environmental

equipment out of commission

(b) Oxygen atmosphere The follo_ahug conditions

apply to the CMinterior:

95 _ 5 percent by weight
oxygen at total pressures

up to 1_.7 psia for up to
2/_hours.

Oxygen partial pressure up

to ]3+.7 psia coincident with

total pressure up to 21.0 psia
for 2 hours.

28
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(c) Humidity 30 to 70 percent for up to

3 years.

(d) Sand and dust Particle count not to exceed

Level 300,000 of Federal
Standard 209: No more than

2,000 particles per cubic foot

larger than 5 microns. No more

than 35 of these larger than
65 microns. No more than 3

of these 35 particles larger

than lOO microns. The following

conditions apply to the CM

interior, and during open fluid

systems activity: Particle
count not to exceed Level

lOO,OO0 of Federal Standard 209:

No more than 700 particles per

cubic foot larger than 5 microns.

No more than 35 of these larger
than 20 microns.

3.2.1.5.1.3.2 Interior uncontrolled - An environment in which the tempera-

ture, sand, salt spray, etc., are only partially controlled.

(a) Temperature +15 to +105 F for up to 3 years

(b) Humidity 0 to lO0 percent relative

humidity, including condi-
tions wherein condensation

takes place in the form of
water or frost for at least

30 days.

(c) Sunshine Solar radiation at 360 Btu

per square foot per hour for
6 hours per day for 2 weeks.

(d) Sand and dust As encountered in desert

and ocean beach areas,

equivalent to IAO-mesh silica

flour with particle velocity

up 500 feet per minute and a

density of 0.25 grams per cubic
foot.

29
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(e) Salt spray Salt atmosphere atmosphere as

encountered in coastal areas, the
effect of which is simulated

by exposure to a 5-percent

salt solution by weight for
A8 hours.

3.2.1.5.1.3.3 Other environment areas.- Enviornments to which certain GSE

are exposed, such as the launch umbilical tower and environmental chamber,
shall be as indicated in MSC-GSE-1B.

3.2.1.5.2 CSM Flight Environments. - These requirements represent in

environmental design criteria for the CSM equipment in an operating condition

as experienced during the various flight mission phases. The mission phases

are as defined in 3.1._.l.1. The equipment shall be capable of meeting the

operating requirements of the applicable performance specification during
and after exposure to these environments.

3.2.1.5.2.1 General. - These are induced environments which are present for
all mission phases.

(i) Temperature The contractor shall provide

temperature requirements

for structure, subsystem,

and component design for
each applicable mission

phase.

(2) Oxygen atmosphere The following conditions

apply to the CM interior:

95 _ 5 percent by weight of
oxygen for 336 hours.
nominal _._ interior

atmospheric composition
is presented in the follow-

ing table:

Partial Pressure

Constituent gas

Oxygen

Carbon dioxide

Water vapor

(psia)

A.638

O.IA7 (max)

0.215

% By Vo!.

92.76

2.9&

_.30

% By Wt.

93.A9

_.07

2.AA

3O
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(3) Humidity

(_) Corrosive contaminants

3.2.1.5.2.2 Ascent phase. -

3.2.1.5.2.2.1 Natural environments

(a) Reference

Atmosphere

(b) Ground winds

The following conditions

apply to the CM interior:

0 to i00 percent relative

humidity for 336 hours.

AO to 70 percent nominal

relative humidity.

95 _ 5 percent relative

humidity including condi-
tions where condensation

takes place in the form of

water, for at least 20 hours.

The following condition

applies to the CM interior:

Salt atmosphere as caused

by human perspiration, the
effect of which is simulated

by exposure to a 1 per-cent

salt solution by weight for
A8 hours.

The reference Earth

Atmosphere at Cape Kennedy,

Florida, shall be in accordance
with MSFC Memorandum

R-A_RO-Y-12-63 .

The design wind speed for
launch of the CSM are

presented in the table below.

Wind speeds occuring during
the strongest wind month at

Cape Kennedy, Florida, are

less than those presented

95.0 percent of the time.
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Height Steady State Wind Peak Wind
( ots) ( ots)*

i0 i_.0 19.6

30 17.5 2_. 5
60 21.0 29.h

i00 22.5 3i.5
200 25.9 36.3

300 28.0 39.2

h00 29.h _i. 2

For the effects of gusts, a linear buildup from the steady state winds to

the peak winds will be assumed. The period of this buildup shall be taken

as & seconds for all height levels; that is, buildup of 2 seconds and

2 seconds for decay to steady state wind speed.

(c) Winds aloft - CSM Design shall consider a 99
percentile wind shear (Figure 15)

with a 9 meter per second

discrete quasi-squarewave

gust super-imposed, such
that the total does not exceed

a 88 percentile wind speed.

See figure 16.

3.2.1.5.2.2.2 Induced environments. -

(a) Pressure

(b) Vibration

The following condition applies
to the CM interior:

1_.7 psia nominal decreasing

to 6.0 psia. Cavity pressures

shall be ambient _ 1 psi.

Mechanical vibration from all

sources of excitation as experi-
enced by the CSM structure. The

design vibration levels for
various zones of the CSM are

presented in Figures 17 through
21.

(c) Acoustics Acoustic noise resulting from

ground reflection and aero-

dynamic turbulence. The

design acoustics levels for
various zones of the CSM are

presented in Figures 22 through
3h.

32
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(d) Acceleration The design sustained accelera-

tion levels for the CSM are pre-

sented in Figures 35 through 38.

(e) Aerodynamic heating The design shall utilize the

trajectory shown in Figure

plus LES plume Imfrlngement

where appropriate.

3.2.1.5.2.3 Earth parking orbit, translunar injection, translunar coast,

lunar orbit insertion, lunar operations, transearth coast, and pre-entry

phases

3.2.1.5.2.3.1 Natural Environments. -

(a) Electromagnetic

Solar flux

Earth emission

The source of electromagnetic

radiation presented below

impinge on the exterior of the

CSM in logical combination

for a total time up to 336 hours.

_2 Btu/ft2-hr

73 Btu/ft2-hr

Lunar emission

(subsolar point)

Lunar emission

(dark side)

387

5 Btu/ft2-hr

Earth albedo 0.3_

Average lunar maria normal albedo

Average lunar continents normal albedo

Average lunar normal albedo

0.065
O.105

0.073

Space sink temperature zero degrees R

(b) Micrometeoriod The meteoroid environments for

near-earth, cislunar, and near

lunar space that shall be used

for spacecraft design is as
follows:

33
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Near-Earth, cislunar, and near lunar sporadic meteoroids

Flux, mass: Log N =-l.3& log m - I0.A23

_,_ere N = number of impacts per square foot per day

m- mass in grams

Density: 0.5 gm/cc, all particle sizes

Average geocentric velocity: 30 km/sec, all particle sizes

The flux-mass relationship stated above is shown graphically in Figure 66.

All logarithms are to base 10. The flux relation given above is an average

of the monthly variations. The above sporadic criteria are applied to the

surface area of the vehicle. -_- _ _.. _,_

Viewing loss = 1 - cos @
2

_ere sin @ = R/R+H

R = radius of shielding body
H = distance from surface of

shielding body

]

3.2.1.5.2.3.2 Induced environments. -

(a) Pressure

Location Pressure
_x. Exposure

Time

CSM exterior

CSM interior

(SM and _
forward and

aft compartments)

7.5 x io-lOmmHg

1.0 x lO-6mmHg

336 hours

336 hours

CM interior 6.0 psia decreas-

ing to 5.0 psia

(parking orbit

only)

5.0 + 0.2 psia
(non_al)

1.0 x lO-AmmHg

(emergency)

336 hours

i00 hours

(b) Vibration The design levels for the CBM

are presented in Figures 39
and A0.

3_
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3.2.1.5.2._ Entry Phase

3.2.1.5.2._.1 Natural environments. -

(a) Pressure

(b) Vibration

(c) Acceleration

(d) Aerodynamic

heating

3.2.1.5.2.5 Recovery phase

3.2.1.5.2.5.1 Natural Environments

(a) Reference

atmosphere

(b) Sea state

3.2.1.5.2.5.2 Induced environments. -

(a) Pressure

35

The following condition applies
to the CM interior:

5.0 psia increasing to 5.5 psia
(nominal)

The design vibration levels for

the CM are presented in

Figure 19 when uniformly reduced

by lO db.

The design sustained

acceleration level is 20 g.

The design shall utilize the

trajectories described in
3.2.2.2.2(f).

Same as 3.2.1.5.2.d, (i)

These conditions are based on

95 degrees cumulative percent

frequency winds and wave con-

ditions at the primary landing

sites and 90 cumulative per-

cent frequency at the con-

tingency landing sites for the

worst month of the year.

Wind Velocity 3 to 28.5 knots

Wave height .5 to 8.5 feet

Wave slope 0 to 8.A degrees

The following conditions applies
to the C-_[interior:
5.5 psia (nominal) increasing

to 14.7 psia (nominal)

ralr._r_
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(b) Shock

3.2.1.5.2.6 Launch aborts. -

3.2.1.5.2.6.1 Natural environments

(a) Reference atmosphere

(b) Ground winds for ascent

(c) Winds aloft

(d) Sea state

(e) Land

Terminal peak saw-tooth pulse

of 78 g (peak amplitude) with
total duration 10 to 15 milli-

seconds, including decay time

no greater than lO percent of

the total duration. Figures _l
and _2 define the accelerations.

Same as revised 3.2.1.6.2.b(1)(a).

Same as 3.2.1.6b(1)(b).

Same as h.2.1.6.2B(1)(c).

These conditions are based on

95 cumulative percent frequency
winds and wave conditions at

launch abort landing sites for

owrst month of the year.

Wind velocity

Wave height
(crest to trough)

Wave slope

25.0 knots

ii.0 feet

8.7 degrees

These conditions are for launch

abort landing sites at Cape

Kennedy, Florida

_ind velocity 23.7 degrees

Soils (static bearing strength

and slope) 6,000 lb/ft _ with up

to 15-degree slope (loose sand)

25,000 lb/ft 2 with up to 5-degree

slope (hard sand)

36
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3.2.1.5.2.6.2 Induced environments. -

(a) Vibration Mechanical vibrations from all

sources of excitation as expe-

riencedby primary structures.

The design vibration levels for
various zones of the CSM are

presented in Figures _3 and _.

(b) Acoustics Acoustic noise resulting from
aerodynamic turbulence and the

launch escape motor. The

design acoustics levels for
various zones of the CSM are

presented in Figures _5 and 50.

(c) Acceleration The design sustained _ccelera-

tion level is 20 g.

3.2.1.5.3 Command Module Post Landin_ _vironments. - These requirements

represent the environmental design criteria for CM equipment in an

operating and a nonoperating condition. Operating equipment is that needed

for CM habitability and location. This equipment shall be capable of

meeting the operating requiraments of the applicable performance specification

during exposure to these environments for _8 hours.

a. Natural Environment

(i) Temperature

ambient air

sea

85 degrees F maximum up to _8
hours.

85 degrees F maod_um up to _8
hours.

(2) Altitude Sea level

(3) Ambient humidity 85 percent maximum at 85 degrees

F. ambient air temperature, up
to _8 hours

(&) Solar radiation 306 BTU/ft. 2 - hr. maximum for a
maximum of 6 hrs. with linear

increas_ and decrease to/zero

BTU/ft. _ - hr. in 5 hrs.

(5) Rain Same as 3.2.1.6.1,a, (1), (f).

37 q
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(6)

(7)

Sand and dust

Salt spray

Sea state

First 48 hours

Wind velocity 3-28.5 knots

Wave height .5-8.5 feet

(crest to trough)

lVave slope 0-8.4 degrees

Same as 3.2.1.6.1,a, (I), (f).

Same as 3.2.1.6.1, a, (I), (h).

Next 5 da_-s

3-40 knots

.5-18 feet

3.2.1.6 %Jeights. - The weight of the CSM shall be minimum consistent with

design requirements and shall not exceed the control weight of 21,200 pounds

for the CSM at launch excluding SPS usable propellant of 40,525 pounds.

3.2.1.6.1 Control Weights. -

Command Module

Service Module (i)
ll,O00

1O2OO

Total Command and Service

Module (i) 21,200

S-IVBAdapter (2) 3,900

Launch Escape System (3) 8,200

(1) Excluding usable SPS propellant.
(2) Includes i00 pounds structural

member for non-L_ operations.

(3) Includes boost protective cover and ballast.

Individual Command and Service Module weights may be

varied as required within the limiting Command

and Service Kodule Control Weights shown and as

further constrained by any other weight critical

component (s) or subsystem (s) subject to NASA
concurrence.
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3.2. ]..6.2 Government-Furnished E_ui_ment. - The following GFE items and
associated weights are those used in the above control weights.

GFE Total

Guidance and Navigation

Crew Systems

Crew (50-70-90) 528.0

Spacesuits (3)(Incl. Suit Mtd 90.8
Con',m)

Survival kit 68.1

Food set for 10.6-day mission 73.6

Drinking water probe O. 5

Medical equi_nent A.2

Bioinstrumentation 3•8

Radiation dosimeters 5.0

Constant wear garments 5.3

Instrumentation (R&D)

PAM/FM/FM package 16.0

Gas chromatograph 9.5

Commutators (3) 9.O

Scientific equipment

,,Q,, Ball (_)

(13&6. I

_30.0

779.3

3A.5

80.0

22.3

3.2.2 Structural Subsystem. - The CSM structural subsystem shall be com-

prised of the fundamental load-car_ng structures. Meteroid and radiation
protection shall be that inherent in the structure designed to carry the
loads.

k
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3.2.2.1 Subsystem Requirements. -

3.2.2.1.1 Structural Loads. - The primary structure of all modules of the

SC shall be capable of withstanding all loads resulting from the conditions

specified below without requiring pressure stabilization.

a. Launch phase - Primary S/C structures are to be designed for

loads during launch as specified in 3.1.1.3

b. Entry phase - Primary CM structures are to be designed for a
limit load of 20 g during entry.

_B Noise - The design shall accommodate sound pressure levels

in the respective frequency ranges shown in Figures 22

through 34 and 45 through 50.

do Vibration - The effects of the steady and transient inputs

shall be combined. The vibration analyses shall recognize

the lower damping present in a vacuum. The vibration curves
are shown in Figures 17 through 25 and 37, &O, 43, and 47+.

eo Dynmmic loading - The calculation of dynamic loads shall

include the effects of engine start, rebound on the pad,

lift off transients including ground winds, _Ists, wind

shears, boost, engine shutdown, and separation.

fB Abort - The LEV shall be designed to oscillating and tumbling

abort conditions except that LES jet impingement pressures _ill

be limited to the structural capability compatible with other

loading conditions.

go Land and _'_aterlanding - Structural deformation is allowable

within the limits of crew safety. }_ater leakage into the crew

compartment of the CM after impact shall be such that there

is no impairment of post loading functions (uprighting

recovery communications, post landing _,eutilation, etc.)

during a 48-hour period with no crew corrective action. The
contractor shall take corrective action to eliminate failure

acodes resulting in leakage that is identified in the develop-

ment and qualification program.

3.2.2.1.2 Pressure Vessel.- Pressure vessels shall be designed with the

following considerations:

a. Pressure vessel limit loads - Limit loads shall be obtained

with limit pressures. _'_en pressure effects are relieving, pressure should
not be used. Limit pressure is defined as the relief valve nominal pressure

plus its tolerances and plus hydrostatic head.

A0
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b. Pressure vessel ultimate factor - The ultimate factor shall be

1.50.

c. Pressure vessel proof factor - The proof factor shall be 1.33

when pressure is applied as a singular load.

3.2.2.2 Subsystem Description. -

3.2.2.2.1 Launch Escape Tower. - The tower structure shall form the con-

necting link between the CM and the structural skirt of the launch escape

motor, and shall be designed to carry the loads and stresses to which it

will be subjected in performing its function of aborting the CM at any point

from the launch pad to 30 seconds after ignition of the Saturn S-II. The

four main longitudinal members shall terminate at the CM, forming a

rectangular pattern. Attachment of each of these four members to the CM

shall be by means of explosive bolts, which shall function to detach the

tower structure from the CM at the initiation of the jettison command. The

launch escape tower shall be protected by an ablative material to prevent
overheating.

3.2.2.2.2 Command Module. - The CM physical features shall be defined by

aerodynamic and heating performance requirements and crew utility and well

being considerations.

ae Geometric characteristics - The basic external geometry of the

CM is shown in Figure 51. The CM shall be a symmetrical, blunt

body developing a minimum hypersonic L/D of 0.30. The L/D vector

shall be effectively modulated in hypersonic flight by the use
of roll control.

be Inboard profile - Basic arrangements of internal features

fundamental to full utilization of the CM geometry shall be as
shown in Figures 52, 53, and 5A.

(1) Load attenuation swept volume - The crew shall be suspended

on discrete load attenuation devices which normally act on
Earth-landing impact.

(2) Crew cabin interior - All equipment and structures _lthin

the crew cabin shall be free of sharp protrusions which

constitute a hazard to the crew or crew equipment.

C. Center of gravity management - Consideration shall be given to

center of gravity management. Alteration of crew positions may
be used for center of gravity management after touchdovm.
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do Visibility - Visibility shall be provided by one window over the
head of the crew in the launch condition. Four additional

windows compatible _th temperature requirements of the lunar

mission shall be provided for use during the flight phase.

e. Access and egress hatches -

(1) There shall be one side hatch provided in the CM to be

used for ground access servicing and maintenance. Normal

access and egress for the crew and all on-board equi_ent
installation shall be achieved through the side hatch.

The capability shall exist for unaided egress of the

crew on the pad v£th the boost protective cover installed.

To be accomplished v_thin 90 seconds.

(2) There shall be another inward opening hatch at the forward

end of the crew compartment for possible egress after
landing.

fm Xut_- thermal protection - The CI,_ shall be designed v_th a
thermal protection shell which will insure that the internal

environment of the CM will not exceed the design limits of

the structure and its enclosed system while entering the

_rth's atmosphere. The entry thermal protection system

shall be designed for entry v_5thin a nautical mile

corridor _ith a maxdmumdeceleration of i0 g during the

intitial pull out _£th a nominal L/D - 0.50 _.Kth angle

of attack tolerance of ÷ & degrees at a entry velocity of
36,200 fps. The mao_Lmum range at nordmal L/D shall be 5,000

nm. The marSmum emergency decleration limit shall not

exceed 20 g.

go Inner structure - The pressure cabin shall be separate from the

thermal protection subsystem. The space between the pressure
cabin and thermal protection shell shall be vented to limit the

collapsing pressures. No provision shall be made for over-

pressures due to _ explosion except that due to existing
structural capability.

3.2.2.2.3 Service Module. - The SM shall be designed and constructed to

support body loads from the SM and Adapter and provide a mounting structure

for: _ subsystems, pressure vessels for EPS and ECS reactants, and the

attachment for the high gain S-Band Antenna. Space radiators shall be in
integral part of the _< outer shell. The SM reference axes are delineated
in Table I.

A2
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ae Inboard profile - The SM internal arrangement shall contain six

segments and a center section. (see Figures 55 and 56.)

Equipment contained in each sector shall be as follows:

(1) Sector I Cryogenic tankage and smaller

items of other equi_nent

(2) Sector II OPS oxidizer tank

(3) Sector III SPS fuel tank

(4) Sector IV Fuel cells, SPS pressurization

package, and smaller items of

other equipments

(5) Sector V SPS oxidizer tank

(6) Sector VI SPS fuel tank

(7) Center section SPS helium storage tanks (two)

The high gain S-band antenna shall be housed below the lower

SM bulkhead and inside the adapter. The antenna shall be extended

after adapter - SM separation.

b. SPS tank sizing - Tank sizing for the SPS shall provide a

minimum usablel propellant storage for 30,000 pounds of

oxidizer and 15,000 pounds of fuel.

3.2.2.2.& CS_SIVB Adapter.- The CSM SIVB adapter shall structurally and

fur.ctionally adapter the _{ to the launch vehicle. In the area of interface

with the launch vehicle, design of the adapter shall meet the requirement
of ICD's 13_0108 (Saturn IB) "instrument Unit to Spacecraft Physical

Requirements" (original issue), 13M50103 (Saturn V) "Instrument Unit to

Spacecraft Physical Requirements" (original issue). Reouirements established

by ICD 13M50123 "Envelope, L_I/SIVB/IU Clearance, Physical" (original issue)

will be met as required for the Saturn missions involved.

ao Adapter separation - The adapter shall be designed so that
separation of the adapter from the C_[ shall be

effective by severing the adapter shell with ordnance

devices at a station below the SM/S-IVB adapter inter-

face. Simultaneously, longitudinal explosive charges

shall further separate the shell into hinge panel segments.
The lower section of the Adapter shell v_ll be left intact
and attached to the S-IVB booster.
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3.2.3 Guidance and Navigation Subsystem (G&_,T).- This subsystem shall be

provided by NASA and shall be consistent _ith the Guidance and Navigation
subsystem P&I Requirements Specification, SID 62-1000.

3.2.A Stabilization and Control Subsystem (SCS). -

3.2._.i Subs_Tstem Requirements. - The SCS shall provide for:

a. Angular orientation and stabilization of the

spacecraft by controlling _ and SM RCS engine

firing.

b. ]_nual translational control along the three major

S/C axes by controlling S_ RCS engine firing.

c. Thrust vector control during powered phases of the

mission by commanding the gimbal angle and thrust
of the SM SPS.

d. Direct manual control of the CM and St.[reaction control

subsystem.

e. Backup attitude reference.

f. Display of body rates, body attitude errors, and
total CM attitude.

g. The subsystem shall accept confounds from the guidance

subsystem or crew for thrust wcr, or cor.trol, entry

control, and attitude control.

h. Accept discreet ccntrol ccm_ands and art!rude change
commands from the Apollo progran_ner zor _mu_ued Elights.

Subsystem Description.- The SCS shall consist of the follo;_ring3.2.fl.2
basic components:

Attitude reference

Rate sensors

Control electronic assembly
Manual control

Displays

Power supplies

3.2.5 Service Propulsion Subsystem (SPS). -

3.2.5.1 Sub__stem Requirements. - The SPS shall supply the propulsion
increments in the follovring normal and emergency modes.

)--D_D
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ae All major velocity increments required for translunar midcourse
velocity corrections, for insertion of the CSM into a lunar

orbit, for lunar orbit into the transearth trajecto_r, and for

transearth midcourse velocity corrections.

b. Abort propulsion after jettison of the LES.

3.2.5.1.1 £ropella_ts and Pressurant. - The SPS shall utilize the following
fluids:

a. Nitrogen tetroxide (N20_) as the oxidizer.

b. A mixture of 50 percent hydrazine (NoH.) and 50 percent

unsymmetrical dimethylhydrazine (UD_)4as the fuel.

c. Helium (He) as the pressurant.

3.2.5.1.2 Performance. - The subsystem shall have the follovring performance
characteristics.

a. Thrust = 21,500 pounds nominal in a vacuum.

b. _[mimum specific impulse: Isp = 313 seconds ( -36 valve)

at end of 750 seconds of operation."

c. Operating life = 750 seconds minimum.

d. I.[inimumimpulse bit = 50000 _+ 200 pounds second.

3.2.5.2 Subsystem Description. - The SPS shall consist of the

follo_rlng components :

3.2.5.2.1 Rocket Engine Subsystem. - The SPS engine shall be a single

unit, liquid-fueled, pressure-fed, non-throttleable trust generator, gimbal-

mounted to permit thrust vector control with a ma.wSmum gimbal angle of

_+8.5 degrees in the X-Y plane and 4_6.0 degrees in the X-Z plane with

multiple restart capability.

3.2.5.2.2 Propellant Subsystem. - The propellant subsystem shall consist

of an oxidizer and a fuel supply, each with a storage and sump tank Jn

series, and a distribution system.

3.2.5.2.3 Pressurization Subsystem. - The pressurization subsystem shall

consist of a high-pressure helium supply, contained within two spherical

tanks, and associated pressure regulators, isolation valves, check valves,

and pressure relief valves.

_5
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3 •2.5.2. A Propellant Quantity Gay__g. - A propellant quantity gaging

assembly shall be provided. This gaging assembly in conjunction with

displays shall provide quantity remaining data to the crew.

3.2.5.2.5 Propellant Utilization. - A manually opiated propellant utilization

control shall be supplied.

3.2.6 Reaction Control Subsystem (RCS). - The CSM shall include reaction

control subsystems to provide the impulse for attitude control and
stabilization. The SII/RCS shall also be capable of minor translational

velocity increments.

3.2.6.1 Command l_odule Reaction Control Subsystem _CI</PCS). - This subsystem
Jlx,shall be used only after separation of the CM from the c

3.2.6.1.1 Subsystem Requirements. - The subsystem shall provide three-axis

control prior to development of aerodynamic moments, roll control durin_

entry, and pitch and yaw damping during entry. A ,_nimum impulse bit of

not more than 2 pound seconds shall be provided. The subsystem shall have

the capability to delete unused propellant and pressurant prior to impact.

The subsystem shall also be capable of providing three az_es during the
control fo the CH all high altitude aborts.

3.2.6.1.2 Subsystem Description. - The CM/RCS shall be pulse-modulated,

pressure-fed, and utilize earth storable hypergolic propellant. Two

separate subsystems shall be provided which are capable of independent or

simultaneous operation, and each shall be capable of meeting the total

torque and _.pulse requirements. Each subsystem shall consist of pres-
surization and propellant storage/distribution sections and six thrusters

installed to provide three-axis rotational control. Propellant tanks shall

be positive expulsion type. Each subsystem shall have the capability for

manual isolation of the pressurant and propellant sections.

a. O_idizer - The oxidizer shall be nitrogen tetroxide

t 2oz )
b. Fuel - _]_e fuel shall be monomethylhydrazine (_).

c. Pressurant - The pressurant shall be heli_u (He).

3.2.6.2 Service l_loduleReaction Control Subsystem (__. - This Sub-

system shall be used only after C_[ separation from the launch vehicle.

3.2.6.2.1 Subsystem control. - The SM RCS shall provide translational and

rotational control of the CSI_'during all _npowered phases and roll control

during powered phases. The subsystem shall be capable of supplying a

minimmu impulse bit of 0.4 I 0.2 pound-seconds. The subsystem shall also

be capable of providing the-£mpulse required for the follm_ing m_neuvers:
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a. CSM separation from the launch vehicle.

b. Ullage settling of SPS propellant.

c. _Lzor velocity corrections of less than
SPS capability. "

3.2.6.2.2 Subsystem Description. - The P.CS shall be pulse-modulated,

pressure-fed, and utilize earth-storable hypergolic propellants. The sub-

system shall consist of pressurization and propellant storage/distribution

sections and 16 thrusters installed to provide 3-a,xis rotational and trans-

lational control. Propellant tard_s shall be positive expulsion type. A

propellant quantity indicating section shall be provided _'nich is ftunctional

in a zero gravity environment. The subsystem shall have a capability for
manual isolation of the pressurant and propellant sections.

a. Oxidizer - The oxidizer shall be nitrogen tetroxide

b. Fuel - The fuel shall be a _mixture of 50 percent hydrazine

(H2H&) and 50 percent unsymmetrical dimethylhydrazine (i_I_).

c. Pressurant - The pressurant shall be helium (He)."

3.2.7 Launch Escape Subsystem (L_). - ALES shall be provided. -

3.2.7.1 Subsystem Reauirements. - The L_ shall be capable of separating
the CM from the LV in the event of failure or imminent failure of the LV

on the launch pad and during all atmospheric phases.

3.2.7.1.1 Performance Criteria. - The LES shall provide for crew escape
from a critical_7 malfunctioning LV from the time of access arm retraction

until shortly after the second booster stage separation. Cre:/ accelerations

incurred during L_ abort and entry follo_lng abort shall not enceed the

emergency limits of Figures 57 through 59.

a. Jettison Capability- Propulsion and trajecto_, shaping for Lh_
jettison shall be provided.

b. Crew Escape - The LES shall provide for crew escape from the

LV under the following conditions:

(1) For escape prior to and shortly after lift off. The LES

shall separate the CM from the LV and propel the _._ to an

adequate altitude to ensure safe recovery operation. The

minimum no-wind range requirement for aborts from a noninal

launch vehicle (zero attitude change and zero degree per

second attitude rate) shall be 3,000 ft. at apogee. The

plane of the abort trajectory shall be nominally in a down
range direction.

_7
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(2) The abort capability shall provide for critical launch

vehicle malfunctions which occur at lift-off. A nominally

performing subsystem shall provide recovery at, or above,

ground levle for the follo_lng booster malfunction conditions

and associated parameters for _bort initiation.

Average Bee ster

Divergence Rate

Deg/Sec

Attitude Diverge._:c c

at Abort J-niL]aLion

Deg.

(3)

Condition I

Condition II

(5)

(6)

(7)

During approximately the first AO seconds follo_rLug lift-

off, r_ge safety considerations preclude _hrust terrJnation.

Approv_imately AO seconds after lift-off, the LV thrust v_ll

be terminated automatically at abort initiation.

A minimum separation of the _I from the LV at .ma____u_m

d_mamic pressure shall be 350 feet in 3 seconds follo_n_

_.i separation from the S_. For all aborts, a minir_ T_niss

distance" of 800 feet shall be provided for the case of

abort at zero degrees angle of attack and stable flight of
the LV. The term "miss distance" is defined as the dis-

The I_S shall be capable o[" pc"fo_ng its funct!o_ i_ t]_e

max_mum dynamic pressure incurred duri_g the bcost (see

Figure 3), with abort initiated prior to structural l:'o,_::-

up of the LV or spacecraft configuration. A minimum

capability shall be provided for abort at condition:;
described as follows:
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Altitude

Dyn_ni c Pressure
= AO,O00 feet

= 750 psf

Condition I

(Slow divergence failure)
Attitude rate at abort initiation

abort = 5 degrees per secind,

angle of attack or side-

slip at abort initiation

of _15 degrees

Condition II

(Hard over-gimbals)
Average pitch (or Yaw) acceleration

prior to abort initiation of lO
degrees per second 2. Pitch (or yaw)

rate at abort initiation of _5
degrees/second.

(8) The _ximum altitude for LES abort shall exceed the altitude

for:

(a) Completion of second stage ignition and separation of

jettisoned components

(b) Achieving a dynamic pressure condition permitting
utilization of a SM abort.

3.2.7.1.2 Normal Mission LES Jettison. - A jettison capability shall be
provided to separate the LES from the boosters. A sufficient lateral

separation distance shall be provided to assure a minimum "Miss-distance"

of 150 feet when jettison is initiated from a nominal space vehicle. For

combined worst off-nominal conditions of the space vehicle and the LES,

the LES shall be capable of achieving separation andavoiding recontact
with the space vehicle.

3.2.7.2 Subsystem Description

3.2.7.2.1 Launch Escape Subsystem (LES). - The LES shall include the

following components:

a. Q-Ball

b. Launch escape tower canard system

c. Pitch control motor

d. Launch escape motor

e. Structural skirt

f. Tower structure

_9
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h.

i.

j.

!<.

3.2.7.2.2

Tower/CM separation system

Tower jettison motor

Forward heat shield separation and retention system

(Not included in control weight for LES.)

Boost protective cover

Tension ties (#;ot included in control weight for IZS)

Abort Initiation and Control. - Abort shall be initiated

manually or automatically by the LV-EDS. Following abort initiation,

LES functions shall be automatically controlled by the automated sequence

control subsystem. Manual control of physical functions shall be provided

to enhance reliability of the subsystem.

5O
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3._._! E'u%b t_ecovc. LLSuhs_ o5e__m - The G_[ shall include an if!f;_ ]c

used _mder all f!Jght conditions for earth landing requJrcnents.

_ _.i _>ubsE_%__c" _,_e_£J.rements - The subsystem shall satisfy [,ke fo] ....._-

ing requirements _fter normal ent<,r, and pad escape or launch abort.

3.2.6..].1 The parochute system shall be designed for loads resulti_g fr_:v

CII gross lam_ch _cight of 11,500 potun(_s _,_ith s factor of safety of 1.55.

3.2._q.].2 Recove_t31_ili_ation. - Stabilize the _[ during recove_I,f.

3.?.£.].3 Ve__loci_tLl_Cont___o__l.- Reduce the vertical touchdo_m velocity tc

nog more than 35.0 feet per second at sea level.

3.2.$.1.'_ l_oact At' enuation. - Reduce impact acceleration such t] "_t the

@_ flo<_tion is not impaired. Any further attenuation required to i_i_event

exceeding the crew emergency acceleratio._ li__Lits delineated in Figures 57

through _9 shall Le provided by cre_uan shock attenuation de-_ices. The Cif

pitch attitude at impact is nominally negative 26 degrees.

3.2.S.I.5 Post!andiny_. - The ERS >_ill provide as auxiliary eq_ipnent on

the CI.." the follo_,.ing equipment:

a. Provisions for recove_.f antenna _ep]o[,_'_ent.

b. Pro_dsions for visual location aids.

c. Pro_ision for CI: flotation attitude control.

d. l_tterior recove_ party communications mnbilical connection.

e. 6_[ pick up sling•

3.2.S.2 ,q_b_sten Descript_ion____.- The _S shall consist of two actively

reefed ribbon type <!rogue parachutes deployed by mortar sm.d a c]uster of

three simultaneous]4" deployed, actively reefed Ringsail landing parachutes,

crushable honeycomb ribs in the C_[ impact area, and crus_-able honeycomb

shock struts for cre_" couch impact attenuation.

Drogue parachutes shall be sized so that a_ one shall stabilize the vehicle

descent, stud Jn the proper attitude for landing parachute deplo:_m_ent _.,_:en

required.

]lain parackutes _hall be sized so that satisfactory operation of any two

of the three _.dill satisfy the vertical velocity requirement. Pyrotechnic

devices to U sconnect the drogue and landing parachutes shall be provided.
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o _ _. S bsvstem.... " C few u

9 o I Sul s]_ste_ Requirements Design and operatier_] procedures shall

l:c i_ accordence _rith the crew requirements presented here.

°.2._;.]•I Crew Size and [!umber. - The CSI< design par,_meters :_]_] nccol.Tmo-

d_'.e 4'nree crew members bet_¢een the IOtb and 9Oth percent'le, as defJr_ed in

A'_C-Tk .52-32], Antbropomet_ of Fl>d ng Personne7, _or the fc]lo'_in C

_i_:,:::sions: weight, standing height, sitting heigLt- erect, buttock-to-

l,'noc length, knee height (sitting), hip brearIth (sitting), shoulder breadth

(I !deltoid), and arm renck from _:all. A]! other body dimensions shall fail

_,_th'_ b're 5th and 95th percentiles as defined bv )IADC-TR 52-321. Per-

cert!Tes for body dimensions undefined b_- applicable decrements _.ri]lbe
estimated.

0.0.7.2 Division of Duties. Division of duties shall be as follows:

_o Crm. _ duty requirements shall be based on cross-training so

tkat each cre_.rr:ember is able to perform __,on_ performed

by other crew members.

b. T_sks _,,d_lbe apportioned to make efficient utilitization
of _]! crew members.

c. There 'ri]! be an established orde_ of cor_'nn,,_4 ",dthin the

C r e b".

d S/C design _i]] recognize the nri_ 'i_• . _czo_e JistJ::ction in

crew d_t,e,, and designations•

.__.0.I.3 ]_etabolJc i{e_uirements_______.- The avera_e_ d_-'_v.,_etaLolic require-

r.e,nts for each crew mnn ,_re nssmmed to be as shc'm _ Tob!e II.

.....o 9.1 l !<nvironmentzl F_equirements. - The C]; inter_r r,_n,_,o._n_,_-_ _ * shall

,:_,ns specified in o._.o!0.

o.2 0.I.< D_ecom_psion Protection. Pressurized garments (_.,,,E) shall

pro'i:_e protection for crew me_ers _ the event of cre_ compar_,u_n,

_ec p .....mo:_. Two crew members _,ha_l be capable o_ donning press_re
g_rrent assemblies _ _ __'_ _ _ 7 _..... _,,u_eo or less '_rithout _-'-_as_l._ _ance. At _e,_s_

one ere:, member sh_! ::ear the pressure garment ao,,enb±/ at all times.

72 ...... 6 Foo_ and 1,'ater

_o Foe! - Pro'W_sions for storage of food and associated equipment

(CFE) s_ i1 Lo_ _ro_ride,_ _.rithin t_e GI sufficient for a IA-day
_= ssion.
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b" Water - In addition to the primary source of potable water, a

backup supply shall be provided in the survival kit (OFE).

Chemicals capable of desalting sea water shall be n_de available.

One pint of fresh water shall be obtained from each 0.16 pounds

of chemical.

3.2.9.1.7 Uu_n Waste Control. - Pro-_-isions shall be provided for the

removal and J_sposit:i _ of gaseous, sol_,l (fecal), and liquid human _:aste

vrithin the Cl_i. A _.nually operated valve shall be orovfided for periodically

venting liquid waste overboard.

3.2.9.1.P Portable Li_t. A portable Lsht shall be provided for

ill_rination of the CI,:interior.

3,2.9.2 Subs zsten Descriotion

3.2.9.2.1 Crevr );aui_.er_t. - Provisions for the crew eqttipment are

delireated in S!D 62-1003, Prel]m_na<r .']ASAFurnished Crew Eq_ipment inter-

face mnd oerformance specification and the Fxhibits for the Apollo Block I

space suit assembly procurement pac]:age.

3.2.0.2.2 Couches. - Couches _7 be desisned to nrovide comfortable

support during all mission phases. All three cre:[ couch seat pans shall

fold to the extent required, tc _rovide. neces_nff,,_._ ::erk space and adequate

access b,v the ere:,-to _,]l regions of the CH as required.

q °.9.° 3 Restraint Suhs_Sem. - i ''-....._ .... s r--,__÷_........ ___ su_.__ o_e:,_ of ................ shal., be
provided for crew support and restraint during no:r;:_l and e_iergency

ntission conditions. The restraints shall be designeJ to the _cceleration

lir:_ts iu Figui_e 57, 5_q and 59 nnd impact linEts.

3.2.9.2.A Crew Accessories. - All crew accessories shall be prc,-_d,_.J, to

assist the cre_:_en in the perform_nce of tasks under cnticipabed :.is:_icu

conditions and activities. SiD 62-1003, Pre].ir_inary NASA-Furnisl:ed C_'e._

Equipment Interface Require_r,ents specifies the [:ASA furnished crew eqo.i _;--
merit.

3.2.9.2.5 Window Filter Assemblies. - An opaque _ndow shade asse:.tbi2

shall be pro_rided for all S_" _,%ndows to attenuate solar heat and wlsiLie

radiation.

3.2.9.2._: Survival Kit Storaz_. - Provision shall be made for storage and

accessmu_ _y of three sets of survival pro_isions (GFE) in the CI.i

3.2.9.2.7 Crew E uq_ment and Suit Interface. - A subsystem of umbilicals

a_d connectors shall provide electrical power and o_:gen circule,tion for

the pressure gar_.,_entassembly. This equipment shall also include tetherip.g

pro-_sions for tools used trader weightless conditions. Provisions sl,al!

be made for stov_age of t_¢o PGA helmets and glove pa_rs a]].oh._ng rap_d ,qccess

for emergency do.m_ing.
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3.2.9.2.8 Medical Kit Stora_. - Provision shall be made for storage of
one GFE medical kit in the CM.

3.2.9.2.9 Personal Hygiene. - Personal hygiene equipment shall be provided

to enable crewmen to perform necessary body cleansing during the mission.

3.2.9.3 NASA-Furnished Crew Equipment

3.2.9.3.1 Survival Provisions. - Survival equipment is to be provided
which will support and aid in the location and rescue of the crewmen

during the post landing situation of _8 hours maximum duration. Climatic

conditions do not include extreme cold. Medical requirements shall be

satisfied by retrieval of the S/C medical kit. Contents of the survival

kit shall be GFE and shall be packaged in the contractor-furnished survival

package in the CM.

The NASA-furnished survival provisions shall be packaged in the contractor-

furnished survival provisions assembly for storage in the CM.

3.2.9.3.2 Personal EcLui'pment.- The NASA-furnished personal equipment
shall include:

a. Pressure garment assembly
b. Constant wear garment (CWG)

c. GFE checkout equipment, as required

3.2.9.3.3 Medical E_uipment. - The NASA-furnished medical equipment shall
include the following items:

a. Radiation dosimeter (Set)

b. Dressings - emergency medical kit (Set)

c. Medications - emergency medical kit (Set)

d. Instrument set - clinical monitoring, physiological
e. Instrument assembly - biomedical preamplifier

f. Instrument assembly - biomedical sensors, personal

Items a through d of the NASA-furnished medical equipment shall be stored

in the contractor-furnished medical compartments aboard the CM.

3.2.9.3._ Food and Associated EcLuipment. - The NASA-furnished food and
associated equipment shall consist of the following items:

a. Food

b. Mouthpiece, food, personal

c. Probe, water delivery

The NASA-furnished food shall be stored in the contractor-furnished food

compartment assembly for storage in the CM.
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3.2.10 Environmental Control Subsystem (ECS). - The CSM shall include an

ECS which provides a conditioned, "shirtsleeve" atmosphere for the crew;

provisions for space suits in event of cabin decompression; thermal control

of all CSM equipment where needed; and provisions only for charging the
Portable Life Support System (PLSS).

3.2.10.1 Subsystem Requirements

3.2.10.1.1 Cabin Pressure. - The cabin pressure nominal operating limits

shall be 5 _+0.2 psia. The subsystem shall be capable of maintaining a

cabin pressure of at least 3.5 psia for at least 5 minutes following a
single 1/2-inch diameter puncture in the pressure compartment.

3.2.10.1.2 Oxygen Partial Pressure. - The oxygen partial pressure nominal

limits shall be 233 millimeters Hg and emergency conditions 160 mm Hg
minimum.

3.2.10.1.3 Carbon Dioxide Partial Pressure. - The CO2 partial pressure
nominal limit shall be 7.6 n_n Hg maximum. In an emergency the limits shall

not exceed that given in Figure 60. In the post-landing phase, a maximum
of 16 n_n Hg CO2 concentration shall be allowable.

3.2.10.1.4 Metabolic Action Requirements. - The ECS shall be designed in

accordance with the requirements of Table II with the exception of the

post-landing phase. For post-landing the following criteria shall be used:

a. Metabolic rate - 800 Btu/hr. per man maximum.

b. Sweat rate - As specified in Figure 61.

c. Drinking water - 12.4 lb/day-man.

d. CO2 production - 3.6 lb CO_man-day.

e. Allowable effection temperatures - specified in Figure 62.

3.2.10.1.5 Temperature Limits

a. CM temperature - The cabin air temperature nonstressed limits

shall be 75 + 5 degrees F minimum and 80 degrees F maximum;

The nominal _nd emergency limits shall be as presented in

Figure 63 and 64 respectively. For the post-landing phase the

effective temperature shall be in accordance with Figure 65.

b. SM temperature- The S_ temperatures shall be maintained ;_ithin

safe limits for equipment installed.
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3.2.10.1.6 Cabin Relative Humidity. - The cabin relative humidity non-

stressed limits shall be _0 percent minimum and 70 percent maximum. The

nominal and emergency limits shall be as presented in Figures 63 and 6_
respectively.

3.2.10.2 Subsystem Description. - Environmental control shall be accom-
plished with a pressure suit circuit, collant circuit, pressure and temper-

ature control section, oxygen supply section, water management section and

a waste management section.

3.2.10.2.1 Pressure Suit Circuit. - This loop supplies the conditioned

atmosphere to the cabin and space suit and shall provide removal of debris

and noxious gases and for carbon dioxide absorption. Ventilation flow at

3.5 psia and 50 degrees F lO cfm through each space suit with a maximum
flow resistance in each space suit of 5 inches of water.

3.2.10.2.2 CM Pressure & Temperature Control Section. - This section shall

provide cabin ventilation, pressurization and thermal control during all
phases of the mission.

a. Temperature

Exposure time *(hr)

0-2.5

2.5 -8

8-12

12 - 17

Repeat

b. Humidity

c. Sunshine

Exposure time *(hr)

0-5

5-9

9-13

13 - 24

_tarting at sunrise.

Max. air temp (F)

8h.h

8_._ linear increase to 86.5

86.5

86.6 linear decrease to 8&.&

82 percent relative humidity
for &8 hours

Solar radiation (Btu/ft2/hr)

0 linear increase to 306

3O6

306 linear decrease to 0

0
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d. Sea State

Wind velocity 3 to 28.5 knots

Wave height

(creast to trough)

0.5 to 8.5 feet

3.2.10.2.3 Oxygen Supply Section. - The primary gas supplies shall be stored

as super critical cryogenics in the SM in the same tank as for the EPS. Entry

oxygen shall be supplied.

3.2.10.2.h Coolant Circuit. -

me

b.

CM thermal control - Dissipation of the thermal load of the CSM
shall be accomplished as required by absorbing heat with a circu-

lating coolant and rejecting heat from a space radiator and water

boilers. Other cooling subsystems shall supplement or relieve the

primary subsystem.

SM thermal control - Thermal stabilization of the SM/RCS shall be

accomplished by absorbing and dissipating heat with a circulating

coolant by the use of a heat sink, electric heater and pump assembly

independent of _I thermal control.

3.2.10.2.5 Water Management. - Water shall be collected from the pressure
suit circuit and the fuel cell and stored in positive expulsion tanks. The

water collected from the fuel cell shall be sotred separately and used as the

primary source of potable water. Water shall be provided at liftoff to satisf3

the crew post-landing metabolic needs and provide for evaporative cooling

during exit and re-entry following an immediate abort. A water management

program shall be encompassed in the design to provide water requirements for

all other phases of the mission.

3.2.10.2.6 Waste Management, - Waste management shall provide ventilation

for the refuse storage compartments, and the control of gaseous, solid and

liquid wastes from within the CM.

3.2.10.2.7 Preflight Checkout. - Fittings with proper access shall be pro-

vided to perform pressure checks, components performance tests, etc., of
breaking system integrity for component tests. Provision shall be made fer

testing and calibrating all environmental sensors.

3.2.11 Electrical Power Subsystem (EPS).

3.2.11.1 Subsystem Requirements. - The EPS shall be designed to store energy,

generate, supply, regulate, condition, and distribute all electrical power

required by the CSM for the full duration of the mission, including the post-

landing recovery, but excluding the PISS batteries.
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3.2.11.1.1 Power Outp_. - The EPS shall be capable of generating 575 kwh
of electrical energy from fuel cells at a minimum rate of 563 watts and a

maximum rate of 1,420 watts per fuel cell module. In addition, 3,480 watt
hours from storage batteries shall be available.

3.2.11.1.2 DC Bus Voltage. - Electrical power shall be generated and
distributed at 28 vdc (nominal).

3.2.11.1.3 AC System Voltage. - The ac system shall supply 115/200 volts
at 400 cps and shall be three phase Y connected.

3.2.11.1.4 Load Grouping. - All electrical loads supplied by the distri-

bution system shall be ciassified as essential, nonessential, pyrotechnic,

or recovery. Essential loads are defined as those loads (except pyro-
technic circuits) that are mandatory for safe return of the CSM to earth

from any point in the lunar mission. Loads not necessary for the safe

return of the CSM shall be grouped on a non-essential bus and provision

made for disconnecting these loads as a group under emergency conditions.

All loads required during the post-landing recovery period shall be

supplied by a recovery bus and provision made for manually disconnecting

the essential bus following landing. Redundant buses shall be provided

for pyrotechnic circuits and used to supply only that type load.

3.2.11.1.5 Cryogenic Gas Storag e. - Hydrogen and oxygen reactants for

the fuel cells shall be stored in the supercritical state in insulated
tanks maintained at constant working pressure.

3.2.11.2 Subsystem Descriptio n

3.2.11.2.1 Major Components. - The EPS shall include the following major
components:

a. Energy sources

Cryogenic gas storage section
storage batteries

b. Power generation equipment

fuel cell section

c. Power cDnversion equipment

Inverters

Battery chargers

d. Power distribution equipment

Power buses, a-c and d-c
Associated controls
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3.2.11.2.2 Location. - The location of each of the above components within

the CSM shall be as listed herein. Every effort shall be exercised to

minimize equipment size and weight, commensurate with the established
requirements and obtaining the highest practicable reliability.

Location

Fuel cell modules, radiators, and controls

Cryogenic tanks (empty), piping, valves SM SM

Total reactants, plus reserves SM

Entry batteries CM

Pyrotechnic batteries CM

Separation sequencer batteries SM

Battery charger CM

Static inverters CM

EPS display and control panel CM

3.2.11.2.3 Opera tinF_Mgdes

3.2.11.2.3.1 Normal Operation. - During all mission phases, from launch

until reentry, the primary electrical power requirements of the CM-SM shall
be supplied by three fuel cell modules operating in parallel. The storage

batteries described in 3.2.11.1.1 may be utilized to supply required power

above the normal capacity of the three fuel cell modules for short duration

peaks. Batteries shall be fully charged prior to reentry.

In the event a failure occurs to one of the fuel cell modules, the failed

unit shall be capable of being electrically and mechanically isolated from

the subsystem and the electrical load required to continue the mission
shall be assumed by the t_o fuel cell modules remaining in operation. The

storage batteries may be utilized to supply required power above the normal

capacity of two fuel cell modules for short duration peaks. Batteries shall

be fully charged prior to reentry.

3.2.11.2.3.2 Emergeng.v_0peratio 9. - In the event of a failure to two fuel

cell modules, the failed units shall be capable of being electrically and
mechanically isolated from the subsystem. S/C electrical loads shall be

immediately reduced by the crew and manually programmed to remain within

the generating capabilities of the one remaining operable fuel cell module.

The storage batteries maybe utilized to supply required power above the

normal capacity of one fuel cell module for short duration peaks. Batteries

shall be fully charged prior to reentry.
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3.2.11.2.3.3 Ent_v[ and Recover 2. - The fuel cell modules and SM accessories

will be Jettisoned with the SM. All subsequent electrical power requirements
shall be provided by the C_4 storage batteries.

3.2.12 Conmranications Subsystem

3.2.12.1 Subsystem Requirements. - The communications subsystem shall

provide the capabilities listed below and shall be compatible with the
CSM_ISFN interfaces as specified in SID 6_- C_4_SFN Conmmnlcations
Interface Specification.

a. Provide for two-way voice communications between crew members
inside the C_,_.

b. Provide for S-band transmission of voice, P_ telemetry, and
television signals to the MSFN from the C_ at lunar distances.

c. Provide for S-band transmission of recorded P@4 and analog
data to the MSFN from the C_I at lunar ranges.

d. Provide for coherent S-band pseudo random voice ranging
between the CSM and MSFN at lunar distances.

e.

f.

Provide for emergency voice and key S-band transmission to

the I_FN from the CSM at lunar ranges.

Provide for VHF/_4 PCM transmission to the _FN from the CSM

during near-earth phases.

g. Provide a television camera capable of generating high resolu-
tion, lO frame per second, television pictures for S-band
transmission to the MSFN.

h. Provide for reception of S-band voice and up data from the
MSFN at lunar distances.

i. Provide for reception of UHF up data from the _FN during
near-earth phase.

De Provide for transmission and reception of VHF/AM voice

communications between the MSFN and CSM during near-earth
phases.

ke Provide a time reference for the CSM con_nunications subsystem
and for use by other CSM subsystems. This time reference

is to synchronized _clth the CSM G&N subsystem. Provide for

MSFN up dating of this time reference.
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.

me

n.

o.

ptt

q.

Provide data processing for conditioning and encoding

CSM analog and digital data into a PCM format for VHF/FM
and S-band transmission

Provide for recording and playback of PCM and analog
data.

Provide for two-way VHF/AM and HF voice communications

with recovery forces.

Provide for VHF and HF direction finding by recovery
forces.

Provide for pulsed C-band radar tracking by the _FN

during near-earth phase.

Provide for two-way HF voice communications with the MSFN

during extended orbital missions when beyond line-of-sight
ofVHF and S-band transmission.

3.2.12.2 S_ystem Description. - The major components of the Block I
communications subsystem shall include the following items:

a. VHF/FM transmitter equipment

b. VHF/AM transmitter-receiver equipment

c. Unified S-band equipment

d. S-band power amplifier equipment

e. C-band transponder equipment

f. VHF recovery beacon equipment

g. HF transceiver equipment

h. Audio center equipment

i. Television equipment

j. PCM telemetry equipment

k. Premodulation processor equipment

1. Digital up-data link equipment
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m. Signal conditioning equipment

n. Central timing equipment

o. Data storage equipment

p. Beacon antenna equipment

q. VHF/2-KMC omni antenna equipment

r. Recovery antenna equipment

s. Anxillary equipment

t. 2-KMC high gain antenna equipment

u. Flight qualification recorder

v. HF orbital antenna equipment

3.2.12.3 GFE. - The following GFE equipment shall be provided:

a. VHF survival beacon

b. Flight qualification recorder calibrator -
timer.

3.2.12.A Functions. - The conmmnication subsystem functions and detailed

description are contained in SID 5A-1237, Vehicle Model Specification,
Basic Block I.
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3.2.13 Instrumentation Subsystem.

3.2.13.1 Subsystem Requirements. - The CSM shall contain an instrumentation

subsystem capable of sensing the operational status, environmental, and per-

formance parameters of various subsystems. The instrumentation subsystem

shall be capable of converting and doncitioning the sensed data and providing

a signal for display, telemetry, recording or checkout purposes. The para-

meters to be sensed are those required by the crew for normal operation, abor_

operation and decision making for the control of the CSM. Also, parameters

will be sensed and processed that will provide data to ground personnel to

verify the basis for and participate in major decision-making processes of

the flight crew.

3.2.13.2 Subsystem Description. - The operational instrumentation will be

physically and functionally compatible with the other subsystems noted in

SID 6h-1237, Vehicle Model Specification-Basic, Block I. The R&D instrumen-

tation shall be as noted in SID 62-1001, Flight HAD Instrumentation Perform-

ance and Interface Specification. Space provisions only for scientific

instrumentation will be provided. The space allocation shall consist of 2.7

cubic feet as delineated in SID 6h-1237, Vehicle Model Specification-Basic,
Block I.

3.2.1_ Displays and Controls (D&C).

3.2.1_.I Subsystem hequir_ments. - Sufficient depth of information and

command access to the CSM subsystems shall be provided to enable the three-
man crew to accomplish the following operations:

(a) Effect manual CSM systmn management and/or control

(b) Safe shutdown of CS_I._equipment

(c) Select alternate subsystem operating modes

(d) Recognize hazard to crew C_, launch vehicle or mission

and effect mission change if normal system operation
cannot be restored.

3.2.1h.2 Subsystem Description. - The Display and Control (D&C) subsystem

shall present information to and accommodate control action inputs from the

CSM flight crew during the mission as described in 3.1.A.

The primary location of the D&C equipment shall be the main display console,

which is located above the crew couches in the CM. Secondary locations of

the equipment shall include the right-hand and left-hand side display consoles.

Other locations of the D&C equipment shall include the left-hand forward equip-

ment bay, right-hand forward equipment bay and the navigation station at the
lower eaui_nent bay.
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The operational D&C equipment shall be orientated as to establish a D&C sub-
system. The master caution and warning subsystem and crew compartment

lighting equipment are part of the D&C equipment and shall be provided as
defined in SID 6_-1237, Vehicle Model Specification, Basic - Block I.

3.2.15 Entry Monitor System.- No requirement exists for Block I mission.
Mission definition and operational usage will be employed to provide a method

for safe entry.

3.2.16 Sequential Events Control Subsystem.

3.2.16.1 Subsystem Requirements.- Sequencing shall be employed to control
those functions and events which require greater precision or speed of

response than the crew can provide or to relieve the crew of tedious tasks.

3.2.16.2 Subsystem Description.- The sequencing subsystem description is
delineated in detail in SID 6&-1237, Vehicle Model Specification-Basic,

Block I. This subsystem shall be capable of performing the proper sequencing

of events during ascent, entry, LES Abort, Adapter separation and SPS abort,

initiating functions and providing monitor capabilities.

3.2.17 Pyrotechnic Subsystem and Devices.

3.2.17.1 Subsystem Requirements.- All Pyrotechnic Subsystem electrical

circuitry shall provide for redundant design through the electro-explosive
interface.

3.2.17.1.1 Standard Electro-Explosive Device (EED).- All electrically-

actuated pyrotechnic devices shall be fired by the Apollo standard initiator

(ASI).

3.2.17.1.2 Standard Detonator Cartridge.- A standard detonator shall be

used to initiate all high explosive charges. The detonator shall consist of

the ASI hermetrically sealed into a cartridge containing a charge which

produces a high, order detonation. This cartridge assembly shall be designated

as the Apollo standard detonator (ASD).

3.2.17.1.3 Electrical Power Sources.- The firing and logic electrical power

sources for pyrotechnic subsystems shall be provided by batteries which are

separate and independent from all other CSM power sources and from each other.

3.2.17.i.& Firing Circuit Tests.- Provisions shall be made for electrical

continuity checkout of all firing circuits after mating of the last electrical

connector in the circuit. Special test equipment shall be used for this

continuity test to preclude dangerous levels of voltage being inadvertently

applied.

3.2.17.1.5 Secondary Effects.- Possible adverse effects of the operation of

explosive devices, such as fragmentation of sharp edges, shall be minimized.

3.2.17.1.6 Circuit Isolation.- The firing circuits including power sources

for pyrotechnic subsystems shall be separate and independent from all other

CM circuitry.
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3.2.18 Service Module Propellant Dispersal Subsystem, - This pyrotechnic

function shall be operable upon receipt of the RF arm and fire signals

initiated by the ground range safety officer. The subsystem shall be

operable only during that portion of flight prior to LES tower Jettison.

The explosive charges shall open the SM main propellant tanks to provide

atmospheric dispersal of propellants. Space provisions only shall be pro-
vided for explosive charges and devices to disperse contents of the L_

descent stage propellant tanks.
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3.3 Reliability_ Requirements

3.3.1 Mission Success Reliability. - The mission success reliability
objective for Apollo shall be for a lunar orbital rendezvous (LO_ mission

followed by the return to earth of the CSM without exceeding the emergency

crew limits, given in the design criteria.

3.3.2 Crew Safety Reliability. - The crew safety reliability objective for
the Apollo LORmission shall be interprete as the probability that the crew

shall not have been subjected to conditions greater than the emergency

limits given in the design criteria.

3.3.3 Reliability hpoortionment. - The reliability objectives for the

major Apollo-Saturn systems shall be as delineated below:

Apollo-Saturn Reliability Apportionments

System Mission Success Crew Safety

GSE 0.9999 0.99999

MSFN 0.999 0.99999

lAUNCH V_ICLES 0.950 0.9999h

(defined by the NASA)
CM and SM

APOLLO-SATURN 0.90 0.999

Reliability apportionment shall be based on a lO.6-day mission.

3.h Electromagnetic and Electrostatic Compatibilit 2. - Each assembly shall

electromagnetically compatible with other assemblies in the system, other

equipment in or near the LV, associated test and checkout equipment, and
to the electromagnetic radiation of the operational environment. The sub-

system shall not be a source of interference that could adversely affect

the operation of other equipments or compromise its own operational capa-

bilities. The system shall not be adversely affected by fields or voltages

reaching it from external sources, such as improperly suppressed vehicle

test and checkout equipment, and nearby radio frequency sources in the

operational environment and electrostatic potential.

3._.i CSM and GSE Equipments. - MC 999-00-0002B, Electromagnetic Inter-

ference control for the Apollo Space System dated January 3, 1963, shall
be used as a guide.

3.A.2 CSM and GSE Subsystems. - Shall be designed in accordance with
specification MIL-E-6051C, Electrical-Electronic System Compatibility and

Interference Control Requirements for Aeronautical Weapon System, Associated
Subsystem, and Aircraft, dated 17 June 1960.
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3.5 IInterchan_eability. - Mechanical and electrical interchangeability

shall exist between like assemblies, subassemblies, and replaceable parts
of operating subsystems (electronic, electrical, etc) regardless of the

manufacturer or supplier. Non-operatlng subsystems such as structure need

not comply with this requirement. Interchangeability for the purpose of
this paragraph does not mean identity, but requires that a substitution of

such like assemblies, subassemblies, and replaceable parts be easily effected

without physical or electrical modifications to any part of the equipment or

assemblies, including cabling, connectors, wiring, and mounting, and without
resorting to selection; however, adjustment of variable resistors and

trin_ner capacitors may be made. In the design of the equipment, provisions
shall be made for design tolerances sufficient to accommodate various sizes

and characteristics of any one type of article, such as tubes, resistors,

and other components having the limiting dimensions and characteristics set

forth in the specification for the particular component involved without

departure from the specified performance. Where matched pairs are required,

they shall be interchangeable and identified as a matched pair or set.

3.5.1 Identification and Traceability. - Apollo identification and trace-

shall be in accordance with the contractor's approved quality control plans.

3.6 Ground Support E_uipment (GSE). - GSE is defined as the non-flight

implements or devices required to checkout, handle, service, or otherwise

perform a function in support of the CSM or boilerplate during tests at

factory subsequent to manufacturing complete, prelaunch, and post launch

operations at the test site, and major development tests such as house
CSM tests, propulsion tests and environmental tests. The Master Ground

Operations Specification, SID 63-_89, describes specific detailed GSE
requirements.

3.6.1 GSE Concept.

3.6.1.1 DesignCoDcepL - The GSE design concept delineates four general

categories of equipment for supporting servicing, handling, system checkout

and testing, and various auxiliary requirements. The equipment design shall

be pointed towards remote control utilizing a digital interface with computer

analysis and control as well as a direct interface for local/manual control.

To as great an extent as practical, similar equipment shall be used to ensure

continuity in checkout. Design shall be based on use by skilled technicians.

3.6.1.2 Operations Support. - CSM GSE shall support the vehicles during:

(1) acceptance, _2) test preparation, (3) test, (_) checkout, and (5) pre-

launch checkout. It shall also include such recovery and post-launch test
items as may be agreed to by the parties.
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3.6.1.3 CSM Checkout Concept. - CSM checkout shall consist of:

a. Local/manual operations

b. Remote/semi-automatic operation

c. Remote/manual operation

The local/manual and remote/semi-automatic operations shall be performed

with the acceptance checkout equlpment-S/C (ACE-S/C - NASA-supplied).

Adequate flexibility shall be incorporated to accommodate frequent changes.

The equipment required for hazardous operations shall be designed for

remote/manual operation from protected areas. NAA shall provide all carry-

on equipment for ACE-S/C asage, all flight hardware required for checkout

of the CSM with ACE-S/C, and all carry-on for checkout of the Guidance and

Navigation subsystem with ACE-S/C.

3.6.1._ System Checkout Concept. - All checkout operations performed on

systems and subsystems installed in the vehicle shall be performed by

checkout equipment having remote manual or automatic capability for mal-
function detection and isolation to a replaceable package. Operations

performed on subsystems not installed in the vehicle may be accomplished
by bench test equipment (BTE). BTE shall be limited to local manual

operation.

3.6.1.5 Maintenance Concept. - Field maintenance of CSM subsystems shall

be performed as follows:

a. For airframe electrical/electronic equipment (either installed

or on the bench), checkout and replacement shall be at the

integral package (black box) level. A "black box" is defined

as a combination of replaceable units which are contained

within a physical package.

be For non-electrical/electronic equipment (either installed or

on the bench), checkout and replacement shall be at the lowest

replaceable serialized unit level.

BTE may be used for malfunction verification of packages (units) removed

from the CSM because of suspected failure. The malfunctioned package

(unit) shall be returned to the supplier. BTE may also be used for spares
certification before installation.

3.6.2. Support Requirements. - The level to which CSM GSE shall support

the vehicles, operations, and sites is as follows.
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3_..2.1 Test Preparation and Acceptance Area. - Equipment shall be

provided in the test preparation and acceptance area to functionally check-
out S/C subsystems and verify compliance of operational and performance

parameters with design requirements. Installation checkout, subsystem

functional tests, and integrated systems tests shall be performed. Sub-

stitute units shall be provided when required to simulate modules or

elements of the system which are not present. Extensive checkout of fuel

cell and cryogenic subsystems and associated servicing equipment will not
be conducted in this area.

3.6.2.2 House S_. - GSE for house S/C shall perform tests for the
following purposes:

a. Engineering development

b. Field operations checkout (ACE-S/C programming and operations)

The remote manual and semi-automatic checkout modes shall be applied to the

house CSM operations to develop checkout techniques and operating procedures
as ACE-S/C capabilities are developed. Servicing, handling and auxiliary

equipment shall be provided as required.

3.6.2. 3 P__re_ualificationFlni'ght_prop Test Site. - The GSE provided to
support these operations shall consist of handling equipment, and limited

auxiliary equipment.

3.6.2.A White Sands MissileRan_. - Support for the WSMR abort tests
shall be in a local/manual mode and remote/manual mode with checkout equip-

ment having capability for centralized gross system and diagnostic check

with checkout equipment having capability as specified in 3.6.1.5. The

support at WSMR shall include control and monitoring during pre-launch

operations and countdown. The R&D instrumentation checkout equipment and

associated checkout equipment shall be installed in a mobile van in place

of the pad transfer room. The R&D instrumentation checkout equipment shall

be modified as necessary to ensure suitability for its intended end purpose.

Auxiliary, handling, and servicing equipment shall be provided as required

with checkout equipment specified in 3.6.1.3 and 3.6.1.A.

3.6.2. 5 Las Cruces ProoulsionS2stem Development Facility. - Support of

test preparation and firing preparation shall be in the local/manual mode

with equipment having diagnostic capability as specified in 3.6.1.5.

Servicing equip_aent required to furnish fluids, propellants, pneumatic

pressures for the propulsion, reaction control, and other fluid subsystems

shall also be provided with local/manual control capabilities. Engine

firing control equipment capable of controlling and monitoring firings in

a remote manual mode shall be provided. Handling an auxiliary equipment

shall be provided as required.
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3.6.2.6 _Space Environmental Simulation Laboratory. - Support checkout of
the CSM shall be accomplished with ACE-S/C equipment prior to the thermal

vacuum test. Handling, and auxiliary equipment shall be provided as required.

Test operations will be conducted with remote/manual equipment.

3.6.2.7 Atlantic Missile RanF_e. - Equipment shall be provided for the
complete functional checkout of the S/C and verification of readiness for

flight. Equipment at the launch complex shall provide for servicing and

preparation of the space vehicle and monitoring and control of the launch

operation. Special facilities and equipment shall be provided for static

firing of the SPS and RCS systems, and operation and verification of the

fuel cell, cryogenic and the environmental control systems. Individual

subsystem and integrated systems tests shall be conducted in the operations

and control building. Tests and checkout in the operations and control

building and at the launch complex shall be designed for use of ACE-S/C

equipment.

3.6.2.8 Arnold Engineering Deyelopment Center _AEDC). - Service

Propulsion System tests will be conducted using GSE and STE furnished by

the engine subcontractors as well as standard bench type test equipment.

3.6.2.8 Marshall Space Flight Center__SFC). - To support dynamic and
umbilical tests, handling and auxiliary GSE will be utilized at MSFC.

3.7 Personnel Training. - A program plan shall be provided for training

the flight crew, ground operations personnel, and other personnel in the

skills and knowledge required for operation of the Apollo system. The

contractor shall support the program with the following categories of

trainers as defined in the subparagraphs hereunder and in SID 6_-1807,

Apollo Model Specification for Apollo Training Equipment - Block I.

3.7.1 _Subsystems Trainers. -

3.7.1.1 Trainer Concept. - The Apollo subsystems trainers shall consist

of mechanized lighted-line representations of major CSM subsystems, the

controls and displays associated with the subsystems, and trainer controls

for the introduction of special conditions and malfunctions. The systems

trainers shall be mobile unit devices operating in a controlled environ-

ment. The design configuration will be based on the first manned earth-
orbital S/C. Subsystems trainers shall provide detailed descriptions of the

functions and inter-relationships of components within each subsystem and

shall illustrate normal arldalternate modes of operation including the
effects of malfunctions.

3.7.1.2 Trainer Items. - The Apollo subsystems trainers shall consist of

the following major items:

a. Stabiliaation and control subsystem trainer

b. Elect_lcal power subsystem trainer
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c. Sequential flow subsystem trainer

d. Environmental control subsystem trainer

e. Propulsion subsystems trainer

3.7.1.2.1 SCS Subsystem Trainer. - The SCS trainer shall provide a functional

flow diagram depicting system operation including switching functions. All

modes of the SCS shall be demonstratable with automatic, manual, and manual

override inputs. An animated pictorial representation shall identify

sufficient thrusters on both C_ to illustrate attitude control in the plus

and minus direction for the attitude thrust systems. In general, redundant
system representation need not be shown.

3.7.1o2.2 Electrical Power Subsystem Trainer. - The EPS trainer shall

provide a functional flow diagram depicting dc and ac power generation and

power distribution to the main busses. Output from busses to S/C systems

need not be detailed. A flow diagram of one fuel cell system including the

cryogenic storage system shall be shown. The trainer shall be capable of

demonstrating fuel cell operation, inverter operation, battery recharge,

bus switching, and system management through use of the S/C panel monitors.

Redundant systems and/or controls will not be animated but will appear as

static representations. Panel monitors shall show currents, voltages, and

other system variables.

3.7.1.2.3 Sequential Flow Subs[stem (SFS)_Trainer. - The SFS trainer shall
portray the sequential operations of the LES, ELS, EDS, and other operations

required for crew safety. The trainer shall be capable of demonstrating

the sequence of normal launch, pad abort, high altitude abort, and normal

earth landing. The representations should begin from appropriate battery

busses. System "A" shall be represented completely and System "B" only
where required.

3.7.1.2._ Environmental Control Subs_qstemQECS) Trainer. - The ECS trainer

shall depict the pressure suit supply system, oxygen supply system with 02
cryogenic input system (the 02 cryogenic storage is shown on the EPS trainer),

water-glycol system, and the vmter system. The trainer shall be capable of

demonstrating normal operation during all mission phases. Panel monitors

shall show pressure and temperature changes for the operating modes.

3.7.1.2.5 Propulsion Subsystem Trainer. - The propulsion trainer shall

provide sufficient animated diagrams to depict operation of the CM RCS,

the SM RCS, and the SPS. Panel monitors shall illustrate system variable
state.

3.7.2 Apollo Part Task Trainer _APTT)

3.7.2.1 Trainer Concept. - The APTT shall provide for the simulation of
the S/C with sufficient-realism for the training of the flight crew and

ground operations personnel in specific mission phase tasks. The trainer
shall be a fixed base device operating in a controlled environment and
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capable of providing training in selected tasks associated with mission

segments as follows: launch countdown, launch, earth orbit, translunar,
lunar orbit, transearth and entry. The design configuration of the APTT

shall be based on the controls and displays of the first manned earth-

orbital S/C and related APTT training requirements. Capabilities will be

provided in the performance characteristics of the trainer equipment to

simulate mission segments objectives of S/C subsequent to the first manned

earth-orbital flight including the lunar mission S/C. The APTT shall

provide crew training in normal and alternate flight procedures. Mal-

functions shall be inserted in the training tasks to require the flight

crew to utilize these alternate procedures. Initially, at least one mal-

function shall be available for each alternate procedure. Additional

malfunctions shall be provided on the basis of subsequent analysis to

provide a library of malfunctions related to crew actions and alternatives.

Malfunctions for which no crew alternative exists shall not be employed.

3.7.2.2 Major Equipment Groups. - The trainer shall consist of the follow-
ing major equipment groups:

a. Simulated CM

b. Instructor's console for three instructor positions

c. Computer complex

Digital computer and peripheral equipment

Analog computers and peripheral equipment

Input - output control and buffer unit equipment

Simulated S/C subsystems equipment

Aural simulation equipment

Recording equipment

Air conditioning equipment

3.7.2.2.1 Simulated CM. - The simulated CM shall be stationary with the

X axis vertical. The CM interior as well as the S/C displays and controls

shall be simulated to the degree of realism required by the training tasks.

Exterior simulation of the CM shall not be required. Reach and visual

patterns shall be identical to those in the S/C for the crew couch positions

and the navigational sighting station to the degree required by the train-

ing tasks. Windows in the CM shall be opaque.

3.7.2.2.1.1 Spacecraft Hardware. - SC Controls, displays and panel designs
may be used for taining equipment provided these items are modified as

required for trainer requirements. Consideration shall be given to the
use of less expensive materials than those required for the S/C and to the

less stringent environmental requirements for trainers.
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3.7.2.2.2 Instructors' Console. - An instructors' console shall be provided

for three instructor operators. The center section of this console shall

be similar in layout to the S/C console. Supplementary displays and controls

shall be provided on either side of the center section to indicate crew
control actions. A malfunction insertion unit shall be provided for the

instructor's use.

3.7.2.2.3 Cp_m_uter ComRle_. - The computer complex shall provide all
computation for the realistic simulation of the mission phases. This

complex shall consist of three major equipment subgroups, the digital

computer with peripheral equipment, the analog computer with peripheral

equipment, and the input-output control and buffer units.

3.7.2.2._ CSM Subs2stem Simulation Ec_ipment. - CSM subsystem simulation

equipment shall be provided external to the computer complex to augment
the computer equipment in the simulation of the S/C subsystems.

3.7.2.2.5 Aural Simulation Equipment. - The aural simulation equipment

shall provide background noise and specific event aural cues to the crew.

3.7.2.2.6 Recording Equipment. - Magnetic tape recording equipment shall

be provided for communication and trainer data playback after training
sessions.

3.7.2.2.7 Air Conditi_oningEquiPmen t. - Air conditioning equipment shall

provide ambient temperature control in the simulated CM and the pressure
suits. Plenumcooling air will be supplied to simulator components by the

using facility.

3.7.3 Apollo Mission Simulator. -

3.7.3.1 Trainer Conce_. - The Apollo mission simulator (_,IS) shall provide for
the simulat_on_ft-_eS/C v_th sufficient realism for the training of the

flight crew, ground operations personnel, and integrated flight and ground

crews in all phases of the total mission. The _rainer shall be a fixed

based device operating in a controlled environment and capable of providing

training in all tasks associated with continuous mission phases as follows:

launch countdovm, launch, earth orbit, earth orbit rendezvous and docking,

translunar including transposition and docking, lunar orbit, lunar rendezvous

and docking, transearth, entry and landing. The phases of the mission shall

be presented in a continuous fashion without apparent re-programming or

switching transients. The trainer shall be capable of providing integrated

training and operation with the manned spaceflight control center (MSCC)

and the simulation checkout and training system. The crew and ground opera-
tions functions to be trained shall be those encountered in the operational

systems being simulated. The design configuration of the AMS shall be based
on the controls and displays of the first manned earth-orbital S/C and

related AMS training requirements. Grov_h capabilities shall be provided in

the performance characteristics of the trainer equipment to simulate missions
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of subsequent S/C. The _S shall provide crew training in normal flight
procedures and alternate flight procedures. Malfunctions will be inserted

in the training tasks to require the flight crew to utilize these alternate

procedures. Initially, at least one malfunction shall be provided for each

alternate procedure. Additional malfunctions will be provided on the basis
of subsequent analysis to provide a library of malfunctions related to crew
actions and alternatives. Malfunctions for which no crew alternative exists

will not be employed.

3.7.3.2 Major Egui'pment Groups. - The trainer shall consist of the follow-
ing major equipment groups:

a. Simulated CM

b. Instructor-oper&tor station complex

c. Computer complex

d. Simulated SC subsystems equipment

e. Visual simulation equipment

f. Aural simulation equipment
g. Interface equipment
h. Closed circuit television

i. Recording equipment

j. Air conditioning equipment

3.7.3.2.1 Simulated _. - The simulated CM shall be an authentic replica

of the CM internally, with respect to size, shape, and equipment location.

The simulated CM shall be stationary with the X axis vertical. Controls

and displays shall be authenic replicas of the S/C controls and displays.

3.7.3.2.1.1 Spacecraft Hardware. - S/C controls, dispi_vs and panel designs
may be used for training equipment provided these items are modified as

required for trainer requirements. Consideration shall be given to the use

of less expensive materials than those required for the S/C and to the less

stringent environmental requirements for trainers.

3.7.3.2.2 Instructor-Operator Station Complex. - The instructor-operator
console, which console, which consists of three stations, shall have an

arrangement similar to the crew stations of the S/C. The station corres-
ponding to S/C commander shall be master instructor control station. Each

station shall have repeater instruments similar to those at the correspond-
ing station in the S/C and other instruments and indicators as required to

fulfill the training requirements. Communication facilities shall be

provided to permitcommunications between instructor stations and the crew
stations in the CM

3.7.3.2.3 Computer Compl_ex. - Analog computers, digital computers, analog

to digital computers and digital to analog converters shall be supplied as
required.
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3.7.3.2._ Simulated S/C Subsystems. - The simulated systems shall be
realistic representations of actual S/C systems. Characteristics of

components of the systems, such as motors, valves, regulators, shall be

included, as required, to produce the static and dynamic performance of

the systems under simulated normal and malfunction conditions.

3.7.3.2.5 Visual Simulation F_ui_ent. - Simulated external visual stimuli
shall be presented to the three crew members through the CM windows, except

the hatch window, and the telescope and sextant. Objects viewed through

the windows and optical instruments which are pertinent to crew training

shall be simulated to a degree of accuracy consistent with the training

requirements. The images presented to the windows and optical instruments

shall be of such resolution, brightness, distortion level, and accommodation

as to be realistic and subjectively acceptable.

3.7.3.2.6 Aural Simulation Eq_ment. - Aural simulation equipment shall

provide background noise and specific event aural cues through loud speakers
in the CM and through crew member's headsets.

3.7.3.2.7 Interface Equipment. - Interface equipment shall be provided as
required to permit the trainer to operate independently, integrated with

the MSCC, integrated with the L_M Mission Simulator (LMS), or integrated

with both the IMS and the MSCC.

3.7.3.2.8 Closed Circuit Television. - Television cameras shall be installec

in the simulated CM to permit visual monitoring of crews, and the interior
of the CM. Camera location shall be out of the crew's normal field of view

so far as practicalbe. Sensitivity of the cameras shall be sufficient to

present a clear picture to the instructor-operator station complex monitor-

ing scopes, using normal CM interior illumination.

3.7.3.2.9 Recording Equiwment. - Magnetic tape recording equipment shall

be provided for communication and trainer data playback after training
sessions. Analog parameter recording equipment shall be provided for

recording of selected dyanmic time histories. ?rovisions shall be made to

permit the selection and recording of those trainer variables indicative

of significant characteristics of the training exercise.

3.7.3.2.10 Air Conditionin_EquiLpment. - Air conditioning equipment shall
provide ambient temperature control in the simulated CM and the pressure

suits, and pressure suit pressurization. Plenum cooling air will be

supplied to simulator components by the using facility.

3.8 Manned Space Flight Control Center (MSCC) andManned SpaceFlight Net

_E_. - The design configuration of the MSCC and MSFN shall conform with
the CSM-_FN data flow requirements as specified in SID 6_- , CSM/MSFN

Communications Interface Specification.
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3.9 _Laterials,_Partsl and Processes. - Materials, parts, and processes
shall be selected with the following considerations:

a. Materials, parts, and processes shall be suitable for the

purpose intended. Safety, performance, reliability, and
maintainability of the item are of primary in_0ortance.

b. Except in those instances where their use is essential,
critical materials shall not be used.

c. Where possible, materials and parts shall be of kind and

quality widely available in supply channels.

d. ?_en practicalbe, a choice among equally suitable materials

and parts shall be provided.

f. _enever possible, single source items shall be avoided.

g. When practicable, circuits shall be designedwith a minimum
of adjustable components.

3.9.1 Specifications and Standards. - Materials, parts, and processes shall

be selected in the following order of preference, provided coverage is
suitable:

a. Federal specifications approved for use by the NASA

b. Military specifications and standards (MIL, JAN, or MS)

c. Other Governmental specifications

d. Specifications released by nationally recognized associations,

committees, and technical societies.

3.9.2 Choice of Standard Materials, Parts t and Processes. - Where appli-

cable, preferred parts lists shall be used. When an applicable specifi-

cation provides more than one grade, characteristics, or tolerance of a

part or material, the standard parts, materials, and processes of the

lowest grades, broadest characteristics, and greatest tolerances shall be

chosen. However, standard parts, materials, or processes of high grades,

narrow characteristics, or small tolerances may be used when necessary to

avoid delay in development or production, obvious w_ste of materials, or

unnecessary use of production facilities. The requirements specified for

the use of standard parts, materials, or processes shall not relieve the

contractor of the responsibility to comply with all performance and other
requirements specified in the contract.

MSFC-PROC-158A, 12 April 1962, Soldering electrical connectors (high

reliability) - Procedure for, as amended by MSC-ASPO 5B, 18 May 196_,

delineating soldering requirements _lll be complied with.
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3.9.3 Nonstandard Partsj_Materials_ and Processes. - Nonstandard parts,

materials, and processes maybe used when necessary to facilitate the

design of the particular equipment. However, when such nonstandard items

are incorporated in the design, they shall be documented as required by
the contract.

3.9.3.1 New Partsj Materials, and Processes. - New parts, materials, or
processes developed under the contract may be used, provided they are suit-

able for the purpose intended. Any new parts, materials, or processes used

shall be documented as required by the contract.

3.9.& Miniaturization. -Miniaturization shall be accomplished to the

greatest extent practicable, commensurate with required functions and

performance of the system. Minaturization shall be achieved by use of

the smallest possible parts and by compact arrangement of the parts in
assemblies, l._nlaturization shall not be achieved by means that would

sacrifice the reliability or performance of the equipment.

3.9.5 Flammable Materials. - Materials that may support combustion or are

capable of producing flammable gases (which in addition to other additives
to the environment, may reach a fl_ble concentration) will not be used
in areas where the environment or conditions are such that combustion would

take place.

3.9.6 Toxic Materials. - Unless specific written approval is obtained from

the NASA, materials that produce toxic effects or noxious substances when

exposed to CM interior conditions shall not be used.

3.9.7 Unstable Materials. - Materials that emit or deposit corrosive

substances, induce corrosion, or produce electrical leakage paths within

an assembly shall be avoided or protective measures incorporated.

3.9.8 Fungus-Inert Materials. - Fungus-inert materials shall be used to

the greatest extant practicable. Fungus-nutrient materials may be used if

properly treated to prevent fungus growth for a period of time, dependent
upon their use within the C_. _e used, fungus-nutrient materials shall

be hermetically sealed or treated for fungus and shall not adversely

affect equipment performance or service life.

3.9.9 Metals. -All metals shall be of corrosive-resistant type or shall

be suitably protected to resist corrosion during normal service life.

Gold, silver, platinum, nickel, chromium, rhodium, palladium, titanium,

cobalt, corrosion-resistant steel, tin, lead-tin alloys, tin alloys, Alclad

aluminum, or sufficiently thick platings of these metals may be used without

additional protection or treatment.
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3.9.9.1 Dissimilar Metals. - Unless suitably protected or coated to pre-

vent electrolytic corrosion, dissimilar metals, as defined in Standard
MS 33586, shall not be used in intimate contact.

3.9.9.2 Electrical Conductivity. - Materials used in electronics or

electrical connections shall have such characteristics that, during

specified environmental conditions, there shall be no adverse effect
upon the conductivity of the connections.

3.9.10 Lubricants. - The CSM lubricants and lubrication shall be com-

patibelwith the combined environments in which they are en_sloyed.

Lubricant material and process specifications will be formulated to
prescribe materials and describe application methods.

3.9.11 S__ecial Tools. - The functional components of the CSM and com-

ponent attachments shall be designed so that the use of special tools

for assembly, assembly, installation, and service shall be kept to a
minimum.

3.9.12 Hazard Proofin_-Pr_ellants and Gases. - The design of the S/C

subsystems and support equipment shallminimize the hazard of fire,

explosion and toxicity to the crew, launch area personnel and facilities.
The hazards to be avoided include accumulation of leakage of combustible

gases, the hazard of spark on ignition sources including static electricity

discharge, and toxicity due to inhalation or spillage of certain expendables.

Design of equipment shall be in accordance with MSFC iOMOl071, during any

part of the mission operation. Where practicable, the various components

shall be hermetically sealed or of explosion-proof construction. The

rocket motor squibs shall be capable of withstanding an electrical impulse

of 1 ampere at 1 watt dc for 5 minutes without detonating. Design of
equipment shall be in accordance withMSFC lOMOl071.

3.9.]-3 Fail Safe. - Subsystem or component failure shall not propagate

sequentially; that is, design shall "fail safe."

3.9.1_ Connectors. - Wherever practical, all electrical and mechanical

connectors _-_-_pt R&D instrumentation) shall be so designed as to preclude
the possibility of incorrect connection.

3.9.15 Ground SupportEquipment. - Commercial standards for materials and

equipment shall be utilized to the maximum extent possible where such use

will not compromise the safety of operations or the meeting of the necessary
performance requirements.

3.9.16 _ameplates and Product Markings. - The CSM and all assemblies,
components, and parts shall be marked for identification in accordance

with Standard MIL-STD-130.
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4. QUALITY ASSURANCE PROVISIONS

4.1 General Quality Assurance Prof--. - NAA/S&ID shall establish a quality
assurance program in accordance with NASA Publication NPC 200-2 and NPC 200-2

and NPC 200-3. Inspections and tests to determine conformance of the system

to contract and specification requirements shall be conducted prior to sub-
mission of the article to the NASA for acceptance. Documentation require-

ments shall be a snoted in Exhibit I to the Apollo Contract, NAS9-150.
NAA/S&ID shall prepare and submit to NASA a quality assurance program plan

per the requirements of Exhibit I.

4.2 ReliabilStyProf_ram. - NAA/S&ID shall establish a Reliability Program
in accordance with NASA publication NPC 250-1. Implementation of this

document shall be as specified in the NAA/S&ID Reliability Program Plan.
(SID 62-203).

4.3 Test. - NAA/S&ID shall establish a qualification test program to

determine that the CSM system satisfies the requirements of Section 3 of

this specification. The definitions and ground rules for establishing

this program are as follows:

4.3.1 Definitions. -

a. Qualification tests - Functional tests performed on production
hardware at and above mission levels of all critical environments

to assure that the hardware will meet the design requirements and

will perform its function for its use cycle.

b. Criticality - Criticality describes the impact of failure of

equipment (part, component, subsystem) on crew safety or mission

success. Criticality is non-numerical and is classified as
follows:

Criticality I - Those items whose failure may
result in loss of crew.

Criticality II - Those items whose failure may
result in loss of mission.

Criticality III- Those items whose failure does
not affect mission success or crew

safety.

el Production hardware - Hardware that is manufactured with the same

tooling, processes, quality control procedures, and to the same

design as that which will be used in manned flight.
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de Failure - The inability of a system, subsystem, component, or

part to perform its required function within specified limits

under specified conditions for a specified duration.

eB Operational cycle - The period of time extending from the

beginning of acceptance tests to the end of a mission that a

system, subsystem, component or part is expected to operate

under sequential application of environments, induced or

natural, including, but not limited to, end-item test time,

acceptance time, checkout time, transportation and handling

time, the planned mission time, and any critical abort or

emergency conditions. The planning mission for qualificatior

shall be lh days duration. Any deviation as to mission

duration shall be submitted to NASA for approval.

&.3.2 Ground Rules. -

a. The qualification program is limited to tests conducted on

individual parts, components, subassemblies, assemblies,

and subsystems. The qualification program shall consist

of a series of tests at any or all assembly levels listed

above and shall, in general, start with tests at the lower

levels and proceed to levels of higher assembly.

b. Production hardware shall be used throughout.

c. Acceptance tests shall precede all qualification tests.

d. No refurbished equipment shall be used without specific

NASA approval.

e. Functional operation is required. During all qualification

tests all interfaces shall be present or simulated.

f. Adjustments will be permitted during an operational cycle

only if they are part of a normal procedure.

go Limited life items and single shot devices may be replaced

at the completion of satisfactory operation through their

life time requirement.

h. Any failure shall be cause for positive correction action

and shall be cause for complete restart of that test series.

In event of failure, the contractor shall immediately advise
NASA.
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i. Requalification shall be performed when:

(1) Design or manufacturing processes are changed to

the extent that the original tests are invalidated.

(2) Inspection, test, or other data indicate that a more

severe environment or eperational condition exists than

that to which the equipment was originally qualified.

(3) Manufacturing source is changed.

J. Qualification by similarity may be accepted provided:

k.

I.

mo

nl

(1) The item was qualified to the Apollo environmental

levels, and,

(2) The item was fabricated by the same manufacturer with

the same processes and quality control.

(3) The item was designed to equivalent specifications

required of the Apollo designs.

Qualification testing shall include both natural and induced

environments which simulate, as closely as required, the
anticipated environments during the operational cycles in

level, range, and sequence. Combined environments shall be

used when necessary and practical.

Where redundancy in design exists, the qualification test
program will assure that each redundant component will be

included in the test program.

Qualification test specifications shall be written for each

item and the qualification test program will fully encompass

the design specification requirements.

As a general rule, it is not economically practical or

feasible to conduct qualification tests on complete sub-

systems. Accordingly, most of the qualification tests
should be conducted on lower levels of assemblies to the

degree necessary to provide confidence on a subsystem basis.

This will be done by conducting tests at each hardware level

such that when the total qualification program on a sub-

system is completed all items of hardware and all operational

modes will, as a minimum, be tested an amount equivalent to

a subsystem qualification test. This is commonly called an

"equivalent" subsystem.
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Oe The qualification program shall be established in two phases,
namely, that required to support Block I vehicle missions

and secondly, Block II LOR missions. The progr_n should be

established so that hardware required for qualification is

selected on a time phase basis throughout the production

program as an objective. The number of units required prior
to the first manned Block I flight should be reduced to a

minimum. In determining the number of units required for

qualification, all prior development tests including integrated

ground tests should be considered in determining the number of

units required. Portions of the development tests may be used

to reduce the qualification test program provided all qualifica-

tion requirements are met and prior NASA approval is obtained.

pe Qualification tests supporting a particular vehicle shall be

completed prior to that vehicle being delivered from the

contractor's plant. As a minimum the following qualification

will be completed before the first Saturn 1B flights. One
set of equipments will be subjected to sequential, singly
applied environments at design limit conditions. Another set

is required to complete two operational cycles at nominal

mission conditions, the first cycle without failure.

q. Subsequent to the completion of the qualification test program
further tests shall be conducted at conditions more severe than

design-limit. The purpose of these tests shall be to determine

failure modes actual design margins.

_.3.3 S/C Development Test. - The S/C development tests shall be in

accordance with the Apollo Spacecraft Development Test Plan 62-109,
Volume V.

_._ Configuration Management Provisions.

4._.1 Chan_e Control. - NAA/S&ID shall maintain an effective configuration

control program to control the incorporation of engineering changes affecting

engineering orders and drawings, specifications, procurement documents,

quality control, inspection and test procedures, process, manufacturing,
and operation instructions, and similar documents.

82

SID 63-313



NORTH AMERICAN AVIATION, _NC. SPACEand INFORMATION SYSTEI_IS DIVISION

5. PREPARATION FOR DELIVERY

5.1 PreservationjPagkagin_. and Packing. - Preservation, packaging, and
packing shall be in accordance with NAA/S&ID procedures, provided the

procedure assures adequate protection in accordance with delivery modes,
destinations, and anticipated storage periods.

5.2 _. - Handling shall be in accordance with NAA/S&ID procedures.

6. NOTES

6.1 Reference Axes. - The reference axes of the CSM shall be orthorgonal
and shall be identified as sho_n in Table I.
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Table I. Reference Axes

Y

Positive direction of axes and angles

(forces and moments) are shown by

arrows. (When launch vehicle is at

a launch angle of 90 °, the positive "X"

direction is vertically upwards. )

X

Z

Axis Moment About Axis

Designation Symbol Designation Symbol Positive Direction

Longitudinal

Lateral

Normal

X

Y

Z

Rolling

Pitching

Yawing

L

M

N

Y _ Z

Z ----- X

X --- Y

Force

(Parallel to

Axis Symbol) Designation Symbol

Velocities

X

Y

Z

Roll

Pitch

Yaw

0

Linear

(Components

along Axis)

Angle

U

V

W

Angular

P

q

r
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Table 2. Estimates of Metabolic Rate,

Thermal Balance and Water

Per Man

Heat Output

Oxygen

Carbon Dioxide

Latent Heat

(lungs)

Latent Heat

(sweat)

Sensible Heat

Urinary Loss

Sweat Loss

t

Lung Loss

Total Water

Requirement

Total Water

Requirement

General Requirements for Apollo Crew Member

Btu

lb

lb

Btu

Command Module

Routine Flight

Per Day

11,200

1.84

2.1,2

2,800

Command Module

Emergency Decompression

Per Day

12,000

1.97

2.27

3, 000

Btu 1, 310 7, 230

Btu

g

g

g

g

7,090

1,200

600

I, 200

3, 000

I, 870

i, 200

3, 140

I, 300

5, 640

lb 6.6 12.4
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